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PILOT PRACTICALITIES No. 5 
A series to acquaint engineers with the very practical 
advantages of PILOT plug gauges which reduce 


gauging costs. 


PILOT BARS AND FORGINGS 


It will be appreciated that a plug gauge resembles 


a watch....two penny-worth of material and 7 . 
five pounds’ worth of skill. Because of this a 


obvious fact Pilot buy the very best steel it is 

possible to procure, and if a superior specification 
could be obtained at twice the price in order to 
improve the performance and enhance still further 
the reputation of PILOT we would use it. All 
steel in Pilot gauges, bars or forgings, is 
hammered and rolled to ensure maximum results, 
but this of course is much more costly than 
drawn rod. It is a fact that a ‘cheap’ gauge 
without finish hardness, ‘top limit’ and accuracy, 
and made from nondescript material is a very 


poor investment in the end. 






“PRACTICALLY” PERFECT 


PILOT 





THE PILOT PLUG GAUGE CO. LTD., SWALLOW ROAD, COVENTRY, TEL. 87341/2 
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SPECIAL FEATURES 


The first Ifac Congress 


That much-heralded international conference in Moscow has just 
finished. CONTROL samples some of the 300 papers that were delivered 84 


Continuous numerical control of machine tools—2 


P. S. T. BUCKERFIELD gives details of the methods used for 
measurement and control in the A.E.1. system 


Control in laundries 


88 


The latest in our series of articles on particular industries is contributed 
by V.N. AUDIGIER of the British Launderers’ Research Association 92 


A parallel analogue reading machine 


Dr. W. K. TAYLOR of University College, London, describes a 
machine that automatically interpolates between significantly different 


samples 


Transfer-function manipulation may ease simulation—1 
Legitimate simplifications, and methods of reducing the number of 
function units in servo-simulation, are explained by F. WALKER of 
Manchester College of Science and Technology 


Laplace with an s 


95 


100 


Flight Lieutenant H. GRAHAM FLEGG of Henlow wants servo- 


engineers to be more honest in their use of Laplace transforms 


Para-visual display 


105 


You can fly by what you see out of the corner of your eye. CONTROL 
describes a continuous instrument display system of an unusual kind 107 


REGULAR FEATURES 


Leader: Transformation scene 


Viewpoint: Accelerating automation by D. B. Foster 
Data Sheet—20: Motor transfer-function evaluation by D. A. Miller 


Letters to the Editor 81 
Publisher’s column 81 
Pick-off 110 
Control in action 111 
Looking ahead 114 
Ideas applied 115 


News round-up 
People in control 
Authors in CONTROL 
New for control 
Industrial publications 
Book reviews 
Literature received 


LOOKING FOR A JOB? CONTROL carries the best jobs going in instrument and 


control engineering. SEE PAGE 178 AND ONWARDS 
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New 
Selector 


yee 


GS10G 


simplifies 
multi-stage 
bi-directional 
counting 


Multi-tube bi-directional counting has always been an involved and 
expensive procedure requiring the usé of many components and careful 
circuit design. The need for this facility has become increasingly apparent 
with current developments in electronic weighing, machine tool control, Max. Counting Rate ... ... ... .. ... 10 kp/s 
shaft position indicating, computing and similar techniques. Max. Anode Current ... 

In these and allied fields the answer to multi-stage, bi-directional counting Max. Output Pulse with 
is the GS.10.G—the latest addition to the well-known Dekatron range. @K Qesthedotead ... ... -.. 

Incorporating ‘routing guides’’ to provide glow-direction sensing, inter- pg Vo yo eR mtaercaia 

Double Pulse Drive — Duration 

decade coupling becomes simple and requires no gating. 

Readout can be made directly from glow position as in other Dekatrons 
but for ideal remote presentation we recommend one of the Digitron 
register tube series. 

Increased ruggedness, even greater reliability and smaller size are 
additional design features which will appeal to the ‘‘electronics’’ designer. 


PROVISIONAL DATA 


Enquiries should be addressed to:- 
TECHNICAL SERVICES DEPT. 


AN O)\e TUBE DIVISION 


BEESTON NOTTINGHAM 


DEKATRON AND DIGITRON ARE ERICSSON TRADEMARKS 


ERICSSON TELEPHONES LIMITED 
Head Office: 22 LINCOLNS INN FIEL DS, LONDON, W.C.2. Tel: Holborn 6936 
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“SLAB” TYPE SYNCHROS ¥ 


,e« 79 


SIZES 15 AND 23 


Examples of the Sperry range 





| Voltage | 
Code Reference | Size | Rotor Stator | Frequency 


$$ | —______—_j 


SISRS4SL is | 0-20 | 0-20! 400c/s | Resolver 





Function 


S23RS4SL | 23 0-60 0-60 | 400c/s | Resolver 


$23CX4SL 23 115 15 | 400¢/s | Control Transmitter 


| $23CT4SL | 23 |-4v/deg. 1S | 400¢/s | Control Transformer 
S23CDX4SL | 23 | 400 c/s 





Control Differential Transmitter | 


SPERRY 


GYROSCOPE COMPANY LIMITED 
INDUSTRIAL DIVISION 


Great West Road, Brentford, Middlesex 
Telephone: [SLeworth 1241. Telex 23800 
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Pao SQUARE D xr 
FEATURES 


Saves Space 


industrial Construction Unit heights in 3-inch increments—an 

All outer surfaces and structural exclusive Square D advantage which 

parts are 12 gauge steel. Corner permits use of units with minimum heights, 

channels, cross members and doors eliminates the wasted space typical of 
are formed on special dies for modular systems. Back to back mounting 

maximum rigidity. Rust- of units is available within standard struc- Built-in safety 


resisting finish—phosphatized 


ture without Units are metal enclosed to 
plus stoved enamel. 


increased depth. confine ar ya ag a fault 
ae occur. Unit tes are 
sages extached—con't 

accidentally discarded. 
Switch-type units have visible 
blade disconnects for added 
safety. 







Extra control flexibility 

A i removable 
door-mounted panels accom- 
modates up to four oil-tight 
push buttons and pilot lights. 


Tubular vertical buses 
feed plug-in units 
Another Square D “exclus- 


protection. Plug-in stabs are 
silver-plated copper backed 
by steel springs — give high 
pressure, resistance con- 
tact at all times. Bus bars are 
also silver plated. 





Liberal wiring space 
Wiring channels arelarge and 
accessible. No wire fishing 
through narrow passageways 
—wires can be laid in position 






GET THE COMPLETE STORY 


BULLETIN 8998 gives detailed information on all of the 


“plus” advantages you get when you specify Square D 
motor control centres. Send for a copy. ‘ 





Leaders in Control Gear for over 50 years 


SQUARE J) LIMITED 





CHENEY MANOR SWINDON WILTSHIRE 


' Square D products are stocked by leading electrical wholesalers throughout Great Britain oy 
FIELD OFFICES — LONDON - BIRMINGHAM - MANCHESTER - GLASGOW - WEWCASTLE - BRISTOL .- LEEDS 
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Regd Trode Mork 


Aviation 


There are few industries which, for speed of evolution and 
progress, can be compared with the aircraft industry. The key to this 
rapid growth has been research, and it is in this field that ‘VSG’ 
variable delivery hydraulic pumps and transmission gears have played 
an important part not only in this country but overseas. 

Test rigs of various kinds both for airframe and jet engine 
development have incorporated ‘VSG’ equipment as being most 
suitable for giving that precise control necessary to simulate the 
required conditions. 

This is just another of the highly varied applications of “VSG’ 
which has now been serving modern industry for over fifty years. 


SERVING MODERN INDUSTRY 


VICKERS ARMSTRONGS (ENGINEERS) LTD VICKERS HOUSE BROADWAY LONDON SWI! 


CONTROL july 


1960 
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The donkey at Carisbrook Castle walks quite a few miles every day 
without ever getting anywhere, but his work is anything but futile. 
Faced with the problem—an extremely deep well—when 

pumps and pipes were pretty primitive this ‘donkey engine’ 

was a fair solution to the problem of raising water. 


Today, when the problems are so much more complicated the solution 
is often much simpler—get in touch with Varley’s. If your problem is 
pushing, pulling, punching, prodding, at a distance or automatically, 
the answer, proved many times in many fields, is a Varley Solenoid. 


Type ‘V’ (Illustrated) 

This is the smallest of the Varley range of 
laminated solenoids. It features a vacuum- 
impregnated coil and all ferrous parts are 
plated and passivated. The captive plunger 
has a controlled stroke of }’. 


For full details of Varley Solenoids, write for Illustrated Catalogue T1/5 
OLIVER PELL CONTROL LTD 
Cambridge Row, Burrage Road, Woolwich, S.E.18 


Woolwich 1422 (5 lines). Telegrams: Olipel, London, S.E.18. TA 3282 
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'SIMET 


SILICON 
RECTIFIERS 














First again! 


Complete range of TYPE APPROVED 
Medium Power Top Hat 


RECTIFIERS 
na from 


“G" Series Rectifiers, 100 P.1.V. to S00 P.1.V. 


which is the range from which 0:75 AMP AT 25°C —0°5 AMP AT 100°C 
these Type Approved devices 












COMMERCIAL 


E.V. SPECIFICATION EQUIVALENTS 


have been developed, 


offer high temperature operation cv 7030 


—250mA, at 150°C up to 600 P.I.V. 









CV 7029 


—and high voltage operation Cv 7028 


up to 1000 P.I.V. ae 


—and are available from stock 


COMPONENTS GROUP 
Plessey Semimetals Division 
The Plessey Company Limited 


Woodburcote Way Towcester Northants 
Telephone: Towcester 312 










Overseas Sales Organisation 
Plessey International Limited Ilford Essex 
Telephone: Ilford 3040 


TA 3282 
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Space 30 Analogue Computer i 
foremost in flexibility 





The techniques of analogue simulation are becoming increasi 
important in many fields of research and development. Solan 
Analogue Computers, which are provided with exceptional 
linear facilities, enable the average industrial user to diret 
simulate a wide range of physical systems without having to te 
to special-purpose simulators. 

The inclusion of programmed timing devices, servo multipl 


and function generators, allows a great variety of non-linear 
control problems to be directly simulated. 








An 
In order to assess the suitability of a particular computer for ha 


given application, it is essential that expert advice be — 


the final specification is fixed. Accordingly, without obligatg i 
Solartron will be pleased to provide application engineeiy 
assistance in the planning of computers to actual user requif 
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SOLAR TRON 
° 
The Solartron Diode Function 
Generator 
12-segment unit which sets a new 
high standard for resolving power, 
bandwidth and ease of operation. Teena 
By 
I! ( 





Write now for 
literature 


The Solartron Servo Multiplier | 
An extremely accurate general purpose potentiometric 
multiplier which is transistorised and employs gearless 
bel eto drive for exceptional dynamic performance. Up to 
igat@ five variables may be simultaneously multiplied by one 
pineetie Gther, or up to the sixth power of a variable may be | 
iremet fNerated by this versatile unit. ) 


Ta. EMBerbrook 5522 Gables & Telegrams: SOLARTRON, Thames Ditton 





WESTOOL COILS 


\ 4 
Right at the 
heart of things 


Big names like Frigidaire and Westclox make 
up a very long list of Westool Coil users. 
Westool produce coils as large as you like, or 
as small as you like, of every type and descrip- 
tion; and always to the highest standards of 
manufacture. Write for full technicalinformation, 


St. HELEN’S AUCKLAND, Co. DURHAM 
Phone: West Auckland 551 (6 lines) 
Grams: Solenoid, West Auckland 


LONDON 
2 Ashley Place, Carlisle Place, SW1 Phone: Victoria 7301/2 
BIRMINGHAM 
7 Newhall Street, Birmingham, 3 Phone: Central 3901 


Frigidaire is a Registered Name 
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heat wave... 


HOLTZER-CABOT MOTORS 


provide unfailing power for control 


Even Holtzer-Cabot Motors haven’t solved America’s traffic 
problem. But they are helping to minimize it by providing traffic- 
light sequence control that can be relied on under every kind of 
weather. In many other countries, these efficient synchronous and 
induction motors have proved themselves for varied applications, 
in ambient temperatures ranging from o°C to 70°C +. Over a 
million have been installed in specialized servo control and 
measuring equipments and many are on duty twenty-four hours 
a day, seven days a week. 


@ PUMPS @ SEQUENCE-TIMING EQUIPMENT @® MOTORISED VALVES ® FANS 
@® TENSIONING AND WINDING EQUIPMENT ®@ STRIP CHART RECORDERS 


Ask for detailed information on these rugged precision-built motors — 
available for speeds from 1500 rpm down to 4 rpm, voltages to 250 v, 
special windings if required. 


Manufactured under licence by 
SERVO COMPONENTS DIVISION 


ELLIOTT BROTHERS (LONDON) LTD 


CENTURY WORKS, LEWISHAM SE13 


Ly, MEMBER OF THE ELLIOTT-AUTOMATION GROUP 


CONTROL july 


1960 


Tick No 12 on reply card for further details 








a dramatic new light source 
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Are you using the latest developments in 


MEE 
FT 


PTI PHD 









‘ANALMATIC’ equipment provides automatic chemi- 
cal analysis with the highest standard of reliability and 





accuracy. It has been installed by leading companies for 
process and quality control. ‘ANALMATIC’ equipment 
cuts costs, frees trained chemists from routine work, 
improves efficiency in existing plant and enables new 
techniques and processes 


to be introduced. 


‘ANALMATIC’ AUTO-TITRATION EQUIPMENT 


The AUTO-TITRATOR is an outstanding example of the ‘ANALMATIC’ 
tange. It can monitor a number of identical process streams by carrying out 
titrations to potentiometric, redox, ‘dead-stop’ or pH end points, or by 
colorimetric methods. Results of analyses can be provided as frequently as 
Once every three minutes and can be fed direct to plant control systems. The 
AUTO-TITRATOR is designed to be easily adapted to suit the individual 
process. There are many applications in the production of heavy chemicals, 
petroleum products, pharmaceuticals, paint and paper and in brewing, water 
purification, and many other fields. 


We shall be pleased to discuss the specific applications of ‘ANALMATIC’ 
(quipment to meet the requirements of your process. 





W 





ANALMATIC 


Automation in analysis # 


BAIRD & TATLOCK (LONDON) LTD., CHADWELL HEATH, ESSEX, ENGLAND. 





Binches in London, Manchester, Glasgow. 


Agents throughout U.K. and all over the world. 
TAS/BT63 


DUPAR 


ELECTRO 
MAGNETIC 


BRAKES 


Widest range of electromagnetic 
brakes manufactured — you 

can select exactly the right brake 
for the job. 


Generous lining area 
A.C. or D.C. Hand wheel 


Sizes 2” to 30” adjustment means 


Patent spring means reduced 


setting ensures working pressure. 
Retarding torques easy setting and 


2 to 3,600 Ib ft. take-up of lining wear. 


complete accuracy 


| 
| 
| 
| 
| 
! 
1 
| 
| 
! 
| 
| 
| 
| 
| 
| 
! 
| 
| 
| 
| 
| Longer life—less wear— 
| 

| 


in operation. lower stresses. 


Highly competitive price range. 


“ 


DEWHURS INVERNESS WORKS - HOUNSLOW - MIDDX 
& PARTNER LIMITE x Telephone: HOUnslow 7791 (12 lines) Telegrams: Dewhurst, Hounslow 
Field Offices at: Birmingham - Glasgow - Gloucester - Leeds - Manchester - Newcastle - Nottingham 
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SemiGrar 


SELENIUM 
RECTIFIERS 





@ LOW FORWARD RESISTANCE 
© HIGH BACKWARD RESISTANCE 


Higher current density per plate than any other 
Selenium Rectifier on the market. For example: a 
single phase bridge assembly, using four plates *as 
50x 50 mm. gives a 20V output at 3 amps. If the 
plate size was increased to 100 x 100 mm. the out- 
put would be 20V at 10 amps. 























area By varying the combination and number of 
uced stacks, almost any desired output of current and 
sure. voltage can be achieved. 

ear— Semicron Selenium Rectifiers have many appli- 


cations in electrical equipment, including Power 
Supplies, Elevators, Electric Trucks and Lifting 


psses. 


A typical 
Devices, Battery Charging Equipment and Welding characteristic curve 
Plant. of a Selenium 


Rectifier Plate 


J. LANGHAM THOMPSON LTD 


BUSHEY HEATH - HERTFORDSHIRE 
Telephone: BUShey Heath 2411 (6 lines) Grams & Cables: “Tommy Watford’ 
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Emgel & Gibbs Laumited 


WARWICK ROAD BOREHAM WOOD HERTS TELEPH NE El 
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Shorts General Purpose Analogue Computor | 


The computor with the widest range of units 










In service throughout the world 


Linear Function Time switch 





@ Patching without cords 
© “ . ; 
; Sine- Fast repetitive or continuous solution 
multiplier cosine @ Switch set coefficients and transfer functions 
Discontineous @ Units quickly interchangeable 
Time delay function @ Display, power supplies, and timing contained within console 


Write for illustrated brochure and data sheets to: COMPUTOR SALES DEPARTMENT, SHORT BROTHERS AND HARLAND LIMITED 
East India House, 208a Regent Street, London, W.1 
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- from the dangers 
of blow-back flames 


ENQUIRIES, SALES & SERVICE: 


Combustion 
Safeguard and 
Solenoid Valve 

Division 


This new safeguard, the ETHER Flame-Trap Ancillary Unit, Type 
350, will be invaluable in industries where pre-aerated gas or 
pre-mixed gases are used. At present, a flame-trap is normally 
provided to arrest the flame temporarily when a blow-back 
occurs, but unless it is noticed, the flame will ultimately burn 
through the flame-trap. 


Now this hazard need no longer exist. The ETHER Type 350 
introduces a detector in front of the element of the flame-trap 
by means of which the supply of gas is shut off, or an alarm 
given, within a fraction of a second of a blow-back occurring. 


The Type 350 is foolproof, compact and low in price. It can 
readily be adapted to fit all existing flame-traps. 
Illustrated technical data forwarded on request. 


Caxton Way, Stevenage, Herts : Stevenage 
Tyburn Road, Erdington, Birmingham, 24 
Representatives throughout U.K. ; 








ther ¢ 





(pe 
or 
ally 






JONES-TATE 


PRESENT 











NO OTHER ACTUATOR 
provides these STANDARD 
FEATURES:— 


WEATHERPROOF 


NO FIRE HAZARD 
Unit does not run in oil bath 


MINIMUM OVERHANG 


NO RESTRICTION ON 
INSTALLATION ANGLE 


SEATING THRUST controlled by 
sensitive TORQUE SWITCH 


AUTOMATIC TRANSFER 
Power drive to Handwheel and vice versa 


REPETITIVE HAMMERBLOW 
HIGH EFFICIENCY SPUR GEARING 


ANY VALVE ANY SIZE ANY ANGLE 


Rising or non-rising spindles - Stem Diameters up to 44” 
Valve spindle torques from 60-3500 Ib. /ft. at 24 r.p.m. 
Thrusts from 12,000 to 150,000 Ibs. - Air or natural gas operation 
Also available flameproof-weatherproof versions 


Years ahead for years to come!—Send for full technical details 


JONES TATE AND COMPANY LTD. (DIVISION OF DEWRANCE) 


VICTORY WORKS, EAST PARADE, BRADFORD Tel. BRADFORD 28348-9 Grams. VALVE, BRADFORD 
LONDON OFFICE: 165 Great Dover Street, London, S.E.1 Tel. HOP 3100 
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1IMc/s TRANSISTORISED COUNTER 


nat co” 





ce \ ...in this case up to 1Mc/s. And the inside of the 
«£9 S “hh Advance time and frequency measuring counter type 
it TCI is rather exceptional. Over 145 transistors and 

21 printed circuit boards have been combined in an 
advanced design to provide the full facilities and high 
performance expected of a first-grade laboratory 
instrument. 





Net price in U.K. £335 


Lit WMS 
ah ee) iM, Leaflet Y101 will be forwarded on request. 
SIX FIGURE DISPLAY accurate to +1 count 
FREQUENCY MEASUREMENT from 10 to 1,000,000 c/s 
TIME MEASUREMENT from | u sec. to 2,777 hours 


PERIOD MEASUREMENT | or 10 periods of input wave- 
form down to 10 c/s. 


RANDOM COUNTING totalling over any period 
me — x OUTPUT TIMING PULSES from 10" to 10* p.p.s. 

x a ae A 

a 426 mn INTERNAL STANDARD oven controlled 1Mc/s crystal 


STABILITY + 1 part in 10* at 25°C 
SELF-CHECK FACILITIES to internal crystal standard 


FREQUENCY MEASURING PERIOD 0-1, 1-0 or 10-0 
seconds 


REPETITION OF COUNT manual or automatic 
POWER CONSUMPTION 3W (battery). 14VA (mains) 


DIMENSIONS length 12 in., height 9 in., depth 6 in., 
weight 12 Ib. 


*AND NOW—Virtually to d.c. with V.L.F. 
Converter type C.A.1. 


Advance COMPONENTS LIMITED 


geo cee beesen resend ecewcecccsenscbececcee sec ceneeeoereeseeseccesecc cess encccececcessoseecsencesoeseaoseessepeeweseess ————————- §NSTRUMENTS DUViStQQS lee 


ROEBUCK ee ee ee 
| 
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Whichever 
numerical 


system 

you select, 

the figure 
IS 


—the total, to date, of 
industrial data processing 
units produced by AElI 
Instrumentation Division. 


CONTROL July 1960 


Using between them over 60 miles of wire, 6,000 relays 

and more than 20,000 transistors, these units include four 
specially designed magnetic memory stores each 

capable of holding 500,000 bits of information. Altogether 
this equipment scans, tabulates and discriminates between 
more than 7,000 points measuring temperatures, 

pressures. flows, radio-activity counts and other information 
vital to efficient plant operation. 

If you would like to discuss data processing with engineers 
fully conversant with plant control problems, please contact 
Process Control Contracts Department, 

AE} Instrumentation Division. 


instrumentation Division 
P.O. Box 1 Harlow Essex Harlow 25271 
Associated Electrical Industries Limited 
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RELIABLE PERFORMANCE 


demands 


STC components 


The standard of reliability of STC components is set by the vital 
roles of the navigation and communications equipments in 
which many of them are used. The consequent employment of 
top grade materials and high degrees of skill and care in 
manufacture ensures that all users of STC components 

may have the fullest confidence in them. 


oe 


YOU CAN RELY ON STC COMPONENTS 











Brimar Teletubes Germanium Photocells Selenium Rectifiers - Silicon 
Brimar Valves - Brimistors Hermetic Seals - High Rectifiers - Silistors 
Capacitors - Contact Cooled Stability Resistors - Magnetic Suppressors - Transistors 
Rectifiers - Ferrites Materials - Quartz Crystals Thermistors - Transformers 
Germanium Diodes Relays - Special Valves Zener Diodes 





Get to know the range of STC Components—uwrite for booklet M/103 
which lists all components and their relevant technical literature. 








Standard Telephones and Cables Limited 


Registered Office: Connaught House, Aldwych, London W.C.2. 
COMPONENTS GROUP . FOOTSCRAY . SIDCUP . KENT 


COMPONENTS 
Group 














60/3M 
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nn ee 









B. & R. make a wide range of standard relays from which 
some 15 million variations can be produced. 


And yet even that number doesn’t entirely meet the 





demand. We still (and most happily) produce many non- 
standard relays to customers’ specialist requirements. 


ron To help you and to enable us to provide prototypes much 
more quickly a special shop has been brought into 
operation. It will produce prototypes to customer's 
rs requirements within seven days. 


RELAYS 


LIMITED 





oof 


ENT 


B & R RELAYS LTD - TEMPLE FIELDS - HARLOW - ESSEX 
Telephone : Harlow 25231/4 Member of the Gas Purification Group 
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Man with an idea worth a packet 


| CONTROL july 1960 


Like all ideas — John Smith’s want bringing out and de- 
veloping, of course. That is why we urge that production 
men, too, are provided with their own copies of this 
magazine. 

Control is, after all, a technical journal for practical men. 
And there is nothing more stimulating to practical men than 


to read of the work of others described in practical terms. 


Control costs only 42/- a year and extra copies do away with the 


delays and ‘ distinctions’ inevitable with circulation lists. 










This is a PYE 





Slash maintenance costs. 
Eliminate special precautions 
s against overloads. 
iS Give you local or remote control 
positively, simply and precisely. 
A TASC master (Torque) gives you 
what full control between zero and rated 
torque. 


TAS Clunit 


TORQUE AND SPEED CONTROL 











A TASC master (speed) gives you a 
can 20:1 speed range with good regula- 
tion, a smooth and fast take up and 
d no cogging. With full torque avail- 
0 able over the entire speed range. 
A TASC master (special) can be 
devised to give you 50:1 speed 
range. 


STATIONARY MAGNETISING MAGNETIC FIELD 
CO 


this is 
what the 













The TASC unit is a new application of the Faraday The TASC Unit is unaffected by stall-down on output 
disc principle. no sliprings or brushes—low output inertia—no out- 
It consists of two independently rotating members of-balance forces—sealed bearings—sizes from 1/4 
magnetically linked by the field from a fixed coil. The to 10 h.p. 

transmitted torque is proportional to the coil current. 

It is thus an inherently controlled torque device. 





Find out more about the 


[ This coupon with your company letterhead will bring you full technical 
details and a demonstration at your works if you require it. 





TAS Chlunit 


TORQUE AND SPEED CONTROL 


| NM cr secilnanhassiciuiiitbansocneniedansddetiakediambbressbeneaiboonvinen PYE ELECTRIC LTD. (LOWESTOFT DIVISION) | 
Soil alesse piaks dens bhgkacicnessscbeacehiglaeadadéocssaqutscchothastna OULTON WORKS, LOWESTOFT, ENGLAND 
Satie Mek Eke Uonaiich a wkbeonpoaenswacalieteabbes seabsevksdnsthbebeboate Telephone: Lowestoft 1900 Telegrams: Pylec Lowestoft 
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Whichever way you !ook at it, “Cirscale” 
Instruments Series A are first choice for 
absolute reliability, accuracy and 
= visibility. Robust, compact, styled to 
1/4 match contemporary panel layouts. “CLEAR- 
VIEW" model illustrated can be read 
accurately at any angle up to 60° from 
Mii normal. Other models include hermetically 
sealed and internally illuminated versions. 
High torque movements, anti-vibrations 
mounted, cover full range of A.C./D.C. 
requirements. Send for folder Ref. A/e. 
~ 
IN) | Ri OkD THE RECORD ELECTRICAL CO. LIMITED 
ND “Cirscale Works", Broadheath, Altrincham, Cheshire, 


a 


Offices at: Belfast, Birmingham, Bristol, Dublin, Glasgow, Leeds, London, 
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Photoelectric machine control 


a @ aa ._§ a 


SC3 Reflex Scanning Head, for projecting and receiving a 
reflected light beam—only 44” high. 







These ELCONTROL photorelays, viewing heads and 
scanning units have been designed for use with 
modern handling, packaging and processing machines 
of many types. LHI! Light Source, 
They operate with a pin-point light beam and are Ooty salen 
very sensitive. 


















They can be used as non-contact limit switches, 
position controls, process actuators, level controls, 
presence or absence monitors, blockage detectors, 


and for many other functions. MHP4 Miniature Viewing Head, 
using very small photocell 44” x 2” overall 









By using them with existing machines, or building 
them into new designs, a new standard of high speed 


and high accuracy machine control can now be Standard 
: No. 9 Case, 
achieved. incorporating 


: : ‘ : ; : ithdrawable 
Our wide experience with this type of equipment is at nth for 


your service, and all enquiries are welcomed. registration 
controllers, etc. 


(ELCONTROL electronic control systems 





Appointed Agents Telephone 
MIDLANDS: 
Regd. Trade Mark A.M. LOCK & Co. Ltd., Newborough Rd., Solihull. -. Shirley 5703 
NORTH-WEST: 
A.M. LOCK & Co. Ltd., 79 Union St., Oldham . . . Main 6744 PH 
ELCONTROL LTD - HITCHIN - HERTS Telephone: Hitchin 2411 SCOTLAND: 
PC 







A. R. BOLTON & Co, 3a St. Vincent St., Edinburgh 3. Caledonian 2065 
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Grade | Size 11 Control and 
Torque Synchros. Full range 
includes 7 terminal high 
and low impedance 
Control Resolvers. 


High performance, two-phase 
induction-type servo motor for 
thermionic valve or germanium/ 
silicon transistor operation. 








52” x 5”, 


SIZE 10 MOTOR GENERATOR 


Motor Generator Type R. 807 for 26 
volt operation or with 20 volt centre- 


tapped control winding for 
germanium/silicon transistor 
working. 


MAGNETIC 
AMPLIFIER 


Hermetically sealed high 
power gain amplifiers for 
Sizes 15 and 18 

servo motors and 

motor generators. 


Telephone 

hirley 5703 

Main 6744 PHOENIX WORKS 
Jonian 2065 

ly 1960 BCONTROL July 1960 

























SIZE 10 SERVO MOTOR 





R. B. PULLIN & CO. LTD. | 


Cables: PULLINCO-WESPHONE LONDON 





TRANSISTORISED 
SERVO AMPLIFIER 
TA.IG 


Miniaturised 
resin-encapsulated 
germanium transistor 
amplifier for driving Sizes 
10 and |! induction type 
servo motors. 

























In many fields of application, precision in measurement 
and control is essential. The range of Pullin and Pullin- 
Kearfott servocomponents—a selection of which is 
shown here—are designed and engineered to perform 
that vital service. Remember “Pullin for precision”, and 
write or telephone us for further information. 

Systems Engineering. A Control Systems Division has 
been set up especially to provide design, manufacturing 
and technical advisory assistance to engineers engaged 
in servo work. If you have a problem regarding servo- 
components, mechanisms and integrated systems, our 
experts will gladly advise. 





SERVO GEARBOXES 


A unique gearbox service i 
designed to provide at 
economical prices and in prototype { 
or production quantities precision ' 
gearboxes for use in a wide range of f 
servo applications 






GREAT WEST ROAD BRENTFORD 


Telephone: ISLeworth 1212 


MIDDLESEX 
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.--the widest 


range of 


connectors 


on earth! 


In industrial electronics, in re- 
search, in the Navy, Army and 
Royal Air Force, in the air, 
under the sea, in computers, 
guided weapons and automation, 
Amphenol Connectors fulfil a 
significant function as a vital link 
in equipment where growing 
complexity must be matched by 
increased reliability. Each con- 
nector in the vast Amphenol 
Range of types, arrangements 
and applications has its own 
special features. But none is 
more important, or more widely 
recognised, than the quality of 
complete reliability inherent in 
every product bearing the 
Amphenol Trade Mark. Get in 
touch with us today and ask for 
detailed catalogue information. 


The ARC 52 Equipment installed in the ‘‘Lightning” (photo 
reproduced by courtesy of the English Electric Company Ltd.), 
the Vickers Armstrongs ‘‘Scimitar’’ and other military aircraft 
incorporates Amphenol 165 Series Connectors. 


---the greatest name...the widest range 


AMPHENOL (GREAT BRITAIN) LIMITED, 


Victoria Road, Burgess Hill, Sussex. Telephone: Burgess Hill 85616 
AMPHENOL-BORG ELECTRONICS CORP. CHICAGO U.S.A. AMPHENOL CANADA LTD. TORONTO 9 ONTARIO 


Tick No 31 on reply card for further details CONTROL July 1960 





OXYGEN RECORDER 


The Oxygen Recorder has been manufactured 
for a user to continuously record traces of 
oxygen in his product in the range 0-100 ppm. 

The determination, which involves a single 
regenerating reagent, is carried out colori- 
metrically. The instrument employs a stabilised 
photo multiplier coupled to a simple cathode 
follower unit which, in turn, feeds a potentio- 
meter recorder. Facilities are provided for 


standardising the equipment. 


This method of continuous 
monitoring may be applied to other 
colorimetric determinations employ- 
ing a single reagent which can be 
regenerated. If you have a similar 
problem which you feel can be solved 
by this technique, we shall be very 
pleased to assist you. 


Further details available from : 


EVANS ELECTROSELENIUM LTD 
SALES DIVISION 95 - ST. ANDREWS WORKS - HALSTEAD - ESSEX 


SALES AND SERVICING AGENTS THROUGHOUT THE WORLD 
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VA AAT 


3000 TYPE RELAY 













As supplied exclusively for 


A.1.D. 


WITH TRANSPARENT DUST 


COVER AND PLUG-IN BASE 
SIZE OF BASE 23°x 1)" x}’ 


NOW SUPPLIED AS FOLLOWS 





BERKELEY POWER STATION 


A.R.B. 


ADMIRALTY APPROVED 


3000 & 600 TYPE RELAYS 


e 6 Change-overs Light Duty Transistorised to operate as low as 3 micro-amps 
¢ 6 Makes or 6 Breaks Heavy Duty A.C. Operation for : 6v. 12v. 24v. 50v. 110v. and 250v. A.C. 
¢ 2 Change-overs Heavy Duty * Double Wound Coils * P.T.F.E. Insulation 

and 2 Change-overs Light Duty e Operate and Delay up to 5 Seconds 


A.D.S.RELAYS 


ee 


89-97, ST.JOHN STREET, CLERKENWELL,E.C.I 





Telephone: CLErkenwell 3393/4/5 
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the new range with extensive applications 


including some counters 


and utmost reliability of extreme compactness! 


TMC Elmeg Counters are as near perfect as they The number of applications for which TMC Elmeg Counters 
can be made by the human skills of technical can be used to advantage are far too many to list in detail. 
experts with years of experience and the most The following will act as a general guide: 

advanced equipment at their disposal. Asa range, @ Inconjunction with prorimity switches or photocell equip- 
they are exceptionally versatile—offering a ment on production flow lines. 


In factory statistical equipment. 
In factory process control. 
In computers and office accounting machines. 


choice which should match up to even the most 
remote requirements. Available in ‘‘Print-Out”’ 
and ‘‘Read-Out”’ form, they have fast operating 
speeds of up to 40 per second. They operate on 
up to 220 Volts, with uni-directional or bi- 
directional motions. Re-setting to zero by 
electrical, mechanical or electro-mechanical 
methods. There are auxiliary contacts operating 
on each revolution of a numbered wheel. The 
range includes counters for flush panel mounting 
and surface mounting. No special servicing is 





a required. ZDmh—An 0-24 hours printout PZ5elR — 5-digit counter with 


counter for vertical mounting electrical and mechanical reset. 


You can register up to 9,999,999 on TMC Elmeg counters 







Write now for further information. 


A MC Relay Division C, 
Telephone Manufacturing Company Limited 


Hollingsworth Works, London, SE21. Telephone: GiPsy Hill 2211 


1960 CONTROL July 1960 Tick No 34 on reply card for further details 35 


REGULARLY oer vin ee 


Special and individual requirements are our particular speciality. And we go to great 
lengths (including bending over backwards) to see a job well done— 

and to see that our customers are happy! 

Over 30 years’ experience and ‘know-how’ has been built-in to our range of over 100 
automatic control valves. People control water with them, gas with them, oil with them, 
steam with them and a host of other industrial liquids and gases too! Mushrooms are 
grown with them, jam is made with them and ships cargoes are frozen with them! 

You'll find that expert consultation and advice cost you absolutely nothing at MVC. Our 
full experience is at your disposal. Many times, what has first appeared to be impossible 
has been achieved! Why not write now for our new comprehensive catalogue No. 28 
which contains full details of our complete range! 


IS THE REGISTERED TRADE MARK OF THE MAGNETIC VALVE COMPANY LTD. 


The Magnetic Valve Company Ltd 


op 7 KENDALL PLACE +: BAKER STREET - LONDON - W.1. HUNTER 1801 


mus 
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AN RE CONTRO 


more efficient and reliable with the 1 


TEMPERATURE 
CONTROL UNIT 


EFFICIENT ELEMENT 
® Very small—hence high sensitivity 
@ Platinum wire type—hence high stability 
@ No moving contacts—hence high reliability 
SENSITIVITY 
Relay will operate on 0.1% change in resistance 
of element. This represents 0.4°C at 100°C 





TEMPERATURE RANGES 
RANGE | -80°C to -15°C 
2 -15°C to 100°C 
3 + 100°C to 300°C 
4 + 300°C to 500°C 


AIRMEC 


TEMPERATURE 
CONTROL 
UNIT 


No. N24l 
Price £19.15.0 


IMMEDIATE 
DELIVERY 





Airvmec 





td , 
AIRMEC LIMITED - HIGH WYCOMBE - BUCKS 
aie Telephone: High Wycombe 2501-7 
mus 
1960 
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VAN 


LONDEX Wee Sel eae 


A MOLT 


construction 
ih 
Tey 
IN: 


Now reduced in price through increased production 
TWO TYPES AVAILABLE 

(a) 2-pole changeover with International octal base (LOK /2C) 

(b) 4-pole changeover supplied complete with socket (LOK/40), 

From stock LOK/2C and LOK /4C with 200/250V A.C. coils. 


Specification: 
@ Weight under 6 ozs. 


®@ Coil voltages 2—250V A.C. as specified. 
2—110V D.C. as specified. 


@ Laminated frame construction. 

@ Shaded pole armature. 

@ Panel projection 2’. 

@ Contacts rated at 2 amps., 250V A.C. 


The LOK/4C Relay can besupplied hermetically 
sealed — nitrogen filled (non-plug-in version). 


Write for List 178/C 


ANERLEY WORKS, LONDON, S.E.20 
LONDEX LTD. Bae 
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Midget 
R.F.GChokes 


We are now supplying 
chokes to most of the major 





electronics organisations 
in this country—and to many 
overseas companies, as well. 


A representative range 
of Midget R.F. chokes is shown 
in our standard list: 

but if this does not cover 

your production requirements 

we shall be pleased 
to consider other designs on 
hearing of your special needs. 


Your first move 
is to send for leaflet RFC 1/1. 





Painton & Co.Ltd. 


KINGSTHORPE NORTHAMPTON. 


Tel: 34251 (10 lines) - Grams ‘Ceil, Northampton’ 
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Wexler 0-1 


Telefiex Industrial Actuators 

solve many problems in 

the control of heavy loads. 

Remotely — electro-mechanically 

— simply — economically — accurately. 


Telefiex actuators for industrial 
remote control. 


Suitable for operating equipment which is 
normally inaccessible (valves, dampers etc.) 


, 4 
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I ele | lex TELEFLEX PRODUCTS LIMITED BASILDON ESSEX 
Telephone: Basildon 22861 Grams: TELEFLEX PHONE BASILDON 


P4255 


iE 
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When so much depends upon 
accurate voltage control. . . 


ITAL communications as well as industrial pro- 
cessing equipment frequently depend upon 
accurate control of the voltages which activate sen- 
sing, signalling and motivating devices. Variations 
due to load changes or supply fluctuations may 
seriously distort indicated values. 
Foster voltage regulating equipment automatically 
detects and compensates for changes, so that installa- 
tion performance is unaffected by variations in supply 


Electronic Constant Voltage 
Transformer for Airfie 
Direction Finding uipment. 


voltage and frequency, load and load power factor. 
Foster Transformers Limited are transformer, test 
and voltage regulation specialists.to the world’s elec- 
trical industries. Foster equipment — the widest and 
most varied available —is supplied through Branches 
and Agents in 36 countries. 


A member of the Lancashire Dynamo Group FOST E R - RAN S F O R M E R S 


- FOSTER TRANSFORMERS LIMITED, SOUTH WIMBLEDON, S.W.19 
[ Grour } TELEPHONE: LIBERTY 2211. TELEGRAMS AND CABLES: FOSTRANS, LONDON, TELEX 


be 
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COMPLETE UNIT 
MOUNTED TO SLIDE OUT 
AS ONE 


Boy tw oC Ce) 


Potentiometer Recording Controllers, SERIES 20 


TYPE 2000 with on/off control 
TYPE 200! with Anticipatory control 
(1% band width) 
PHENOLIC 


CONTROL 
POINTER 


PEN-CARRIAGE 
RAIL 


MAINS SUPPLY! 
SWITCH 


CONTROL UNIT 


-for ease of service the amplifier is a plug-in unit. 


ETHER ‘XACTROL’ Potentiometer Recording Controllers are high-quality 
instruments, of the very latest design, for accurately controlling and 
measuring temperatures of — 200°C up to +2,000°C. They are equally 
suitable for measuring variables such as speed, strain, pressure and hydrogen- 
ion concentration, as well as any other quantity that can be expressed as 
an electrical signal. 
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* SIMPLICITY OF DESIGN “%* EASIER RANGE CHANG! 





20 


ARRIAGE 
RAIL 


al 


NT ee 


v.Te ras * Unique Zero-load & Zero-differential control system 
a UROL. dons *“ 6 calibrated scale * Small panel cut-out 10: Se] 
INCLUDE! * Patent Ink Cartridge * Front control-point setting 


CABLE 
CONNECTIONS 
POSITIONED FOR 
ALL-STEEL WELDED CASE WALL- MOUNTING OR 
PANEL-MOUNTING 


UNIQUE ZERO-LOAD 
& DIFFERENTIAL 
CONTROL SYSTEM 


LINEAR SLIDE-WIRE 
(Patent applied for) 


HAVING 1,000 CONVOLUTIONS 


SPECIALLY DESIGNED 
BALANCING- MOTOR 
WITH PRECISION 
GEARBOX 


INK CARTRIDGE 


PEN 
CARRIAGE 


CHART 
TEAR-OFF STRIP 


SYNCHRONOUS 
CONVERTER 


CONTROL 
SETTING KNOB 


6 inch CALIBRATED 
CHART 


AMPLIFIER 
GAIN CONTROL 


CALIBRATION 


PLUG-IN PRINTED-CIRCUIT ADJUSTMENT 


RANGE-CHANGE UNIT 


An exclusive feature of the ETHER ‘ XACTROL’ 
is the unique-ZERO-LOAD & ZERO-DIFFERENTIAL CONTROL SYSTEM 


(paces.: applied for) 


—which totally eliminates the 


use of mechanically-operated sami, Please supply, without obligation, full details of the 
linkages and snap-action switches ETHER * XACTROL.’ 


® ZERO-LOAD even at contro! point A N v 
@ ZERO-DIFFERENTIAL 
@ WIPING-ACTION, continuously- 
cleaning contacts 
®@ ADJUSTABLE OVER FULL SPAN OY 


from £125-Q-(} GRRE Soren war srevanace wens orang 6 


REPRESENTATIVES THROUGHOUT THE U.K. 
AGENTS iN ALL PRINCIPAL COUNTRIES 





‘REATER ACCESSIBILITY * EASIER SERVICING & INSPECTION 





Pe ee ee 


ADDO 
DIGITAL 
PRINTERS 


ADDO-X, 441-30 


SE 


BUSINESS MACHINES 


Bulmers (Calculators) Ltd., Empire 
House, St. Martins-le-Grand, London 
ECl1. monarch 7991. Branches through- 
out Great Britain. 
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The appo-x Digital Printers, 
though still relatively new to 
industry, already form an integral 
part of numerous electronic, 
electrical and mechanical install- 
ations .. . providing the essential 
printed record of operations in a 
fast and most positive way. They 
accept electrical impulses by 
wire—via small electro-magnets 
—to all the keys and functions 
which are normally available on 
@ manually-operated add/listing 
machine. By this method input 
speed is in the region of 15 digits 
a second, printing taking approx- 
imately one-third of a second. 

The appo-x Model 41E presents 
the printed information on a 
23” wide tally roll, and it is 
possible to ‘split’ the printing 
to provide a double column entry. 
For the recording of more com- 
plex data there are wide carriage 
machines to take paper up to 


12” wide which ‘shuttle’ to two or 
three positions . . . and for even 
further scope an appo-x (Model 
6000) Book-keeping Machine may 
be used to print up to 84 figures 
in a@ row on paper as wide as 18’. 
Many additional features can be 
incorporated to suit individual 
needs—such as split registers, 
special calculation facilities, feed- 
back contacts etc. Whatever your 
problem in this field of Automatic 
Data Recording you may find the 
answer with appo—and their 
range of Digital Printers. 
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CONTROL VALVES 
AND ASSOCIATED EQUIPMENT 


The Cockburns B.S.B. Super 70 series offers a new 
standard in precise control and regulation, with 
pneumatic or hydraulic operation. Flow coefficients 
have been thoroughly laboratory tested for the 
complete range of valves. Super 70 valves have 
demonstrated their superior performance characteristics 


in oil refineries, chemical plants and power stations 
all over the world. 


Cockburns Ltd., and their Associated Companies 

in the United Kingdom, Holland and France 

are now manufacturing Super 70 series Control Valves, 
Regulators, Liquid Level Controllers, Safety Head 


Flanges, under licence from Black, Sivalls, & Bryson, 
Kansas City, U.S.A. 


NOW , 
re , : 
being TC Uhhh Biack, NPE 7 > _—- inc. 


- COCKBURNS LTD 


COCKBURNS LTD. COCKBURNS (NEDERLAND) W.V. 
Cardonald, Glasgow, S.W.2. Kethel, Schiedam. 
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SINGLE DIGIT READ-OUT 
WITH CODING MATRIX 


This matrix can be supplied providing all numerals from 
0 to 9 with decimal point, or covering all letters from A to Z. 
The matrix incorporates electroluminescent lines which 
build up either letters or numerals through the agency of 
.the built in coding matrix, e.g. O—9 has a common con- 
nection plus 10 individual connections which each result ina 
complete digit being displayed. A frequency range of 
400 c.p.s. is required with a voltage of 500 volts. 
OVERALL DIMENSIONS: 24” x 2%" x +” 

COLOURS AVAILABLE: GREEN or BLUE 


MULTI-DOT INDICATOR BLOCK 


This indicator block can be supplied incorporating any 
number of electroluminescent spots from 25 to 500. Arrays 
of illuminated spots can be built up vertically, horizontally 
or diagonally, fully or in any specified section of the face of 
the indicator. This enables letters or numerals to be formed 
and permits the indicator to be employed for applications 
requiring illuminated progress charts or graphs. The 
voltage required is of the order of 350 volts with a fre- 
quency of up to 400 c.p.s. 

OVERALL DIMENSIONS: (100 Dot Unit) 3” x 34” x 17/64’ 
COLOURS AVAILABLE: GREEN or BLUE 


=I 


The slimmest ever read-out devices 


Thorn Electr 


MUNI 


(Thor) sworn ELECTRICAL INDUSTRIES LTD., 


IMNUNNUUUUUUUVEUU 


pv ill LL 
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oluminescent 


Illuminated 
Indicators 


less than 
3/s deep! 


These new Thorn Components are particularly 
suited for read out applications with computors. 
The flexibility of the unit also permits it to be 
used with the widest variety of equipment em- 
ploying illuminated indicators singly or in banks. 
The unit employs the organic on glass construc- 
tion, the electroluminescent area being energised 
from a group of solder pads bonded to the rear 
face. Overall current consumption is extremely 
low. The voltage requirements differ for the two 
units currently available. The power supply 
required for the Single Digit unit is 500 volts and 
for the Multi-Dot Indicator unit 350 volts. Both 
need a frequency of up to 400 c.p.s. to obtain 
maximum brightness. 

Thorn Transistorized Power Packs are available 
for applications where existing circuits do not 
provide these power requirements. 


SPECIAL PRODUCTS DIVISION, 
(Incorporating Components and Connectors), 
GREAT CAMBRIDGE ROAD, 

ENFIELD, MIDDLESEX. TEL. ENFIELD 5353 


A 
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TELESIG Screw Pumps are positive 
displacement pumps. Simply constructed, 

they offer exceptional performance and long life. 
TELESIG pumps effect delivery by means 

of three parallel screws engaging each other, 
the power-driven central screw driving 

the two side screws. They may be run at high 
speed thereby reducing motor sizes 

and installation costs. 


hd 


TELESIG Screw Pumps offer the following advantages: 
Self priming. 
Delivery free from pressure pulsation. 
High working speed — small size. 
Near-silent operation. 
Simple construction. 


Minimum maintenance and easy replacement 
of working parts. 


@ Long life. 


TELESIG Screw Pumps are made in three basic ranges: for low 
pressures up to 300 psi, for medium pressure up to 1000 psi and for 
high pressures up to 2,500 psi. 42 sizes are available covering a 
wide range of capacities. 


Saity. Screw Pumps by Telehoist 


TELESIG pumps and equipment are made by Telehoist under licence 
from the Swiss Industrial Company (SIG). 


Telehoist Limited. Cheltenham England. Telephone: Cheltenham 53254 
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an associate company of Wilmot Breeden Lid. 
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ADVANTAGES. 
Simplicity and Economy. 
Minimum of Piping. 


No Performance deterioration 
through dirty fluid. 


Suitable for high or low temperature. 













ait ee STEERING GEAR 

/ 35° “S WORM SHAFT OR CHAIN DRIVE TO STEERING : 

| auposh . “i WHEEL AS PREFERRED BY SHIPYARD CLUTCH CONTROL 
THROTTLE CONTROL 























/@® ACTUATOR 































LOt 
\ ee — BULKHEAD DOORS anc 
rf 
\S. THRUST 2 won VARIABLE PITCH PROPELLORS = 
UNIT —al 
MARINE STEERING GEAR motor priven VALVE CONTROLS “¥ 
POWER STEERING 
MOBILE 
MACHINERY DEPTH CONTROLS 
LEVEL CONTROL 
TILT CONTROL 
LIFT CONTROL 
H.P. Actuators have been successfully applied to the following industries: | Our Specialist Team of Control 
Atomic Submarines, Power Stations,.Control of Water, Turbines, Engineers will be pleased to 
Control in Steel Works, Control of Packaging, Woodworking and _—_ advise on all applications. 
Textile Machinery, etc. 
HYDRAULICS & PNEUMATICS LIMITED. 5 
ean: 0 ‘na: Na | HONE eile e 
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LOOKING FOR FLUIDS—with exceptional thermal stability—fiuids that are water-repelient 
and retain good dielectric characteristics over a wide range of temperatures — that 
resist oxidation—have low volatility and show little change in viscosity with temperature 
—are ideally suitable for use in damping mechanisms—as heat transfer media—and for use 
in hydraulic, springing and coupling devices—GET THEM FROM MIDLAND SILICONES. 


Remember—Midiand Silicones Ltd have consistently set the pace for British progress 
in this fast developing field. Remember, too, that- while silicones cost more initially—this 
extra outlay is more than offset in terms of greater efficiency and long term economy. 


@S) MIDLAND SILICONES LTD 


(Associated with Albright & Wilson Ltd and Dow Corning Corporation) 
first in British Silicones 


68 KNIGHTSBRIDGE - LONDON - SW1 - TEL: KNIGHTSBRIDGE 7801 
Area Sales Offices: Birmingham - Glasgow: Leeds: London: Manchester: Agents in many countries 


@®eeeveveveeeeeeeeeeeeeee eee 
NAME 
COMPANY 


ADDRESS 
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D-890-A (with crystal check) 

Frequency : 1 c/s to 111.1 ke/s 

Accuracy (max.): 0.05 %; 0.005 %, at 
spot frequencies 

Output (max.): 126 v into 8 k ohms or 
24 v into 600 ohms 


Four of the most 
ACCURATE and STABLE 
variable-frequency 
OSCILLATORS 


D-880-A (2-phase) 

Frequency : 0.01 c/s to 11.2 ke/s 

Accuracy: 0.2% above 5 c/s; 
2% at 0.01 c/s 

Outputs: 10 v into 10 k ohms 
and 600 ohms 


s'e>>?-* 
in i id 


D-695-A 
Frequency : 10c/s to 31.2 ke/s 


Accuracy : 0.2% above 66 TE HNI r 33 
100 c/s; 0.3 c/s at 10 c/s 
Output: 10 v into 10 k ohms; 
2.4 v into 600 ohms 
A technical journal edited and 
published quarterly by 
Muirhead & Co. Limited. Free on 
request. In addition to articles 
by our own engineers, giving news about 
the latest designs, developments and 
D-888-A (Analyser/ Oscillator) applications of Muirhead products, there 
Prequency ; 200 c/s to 650 ke/s are also many articles by engineers 
ccuracy: 2% : =. 
Output (OSC): 2 Svinto outside the company, describing | 
600 ohms specialized projects in which Muirhead 


equipment plays its part. 


‘ ° a>*,- 
Pea 


aided te A ated 


Models cover a frequency range from 0.01 c/s to 650 kc/s WARE READ Ce eae ees 
WRITE TODAY FOR PUBLICATIONS 130, 136, 137 & 138 ? 


MUIRHEAD 


PRECISION ELECTRICAL INSTRUMENTS 


MUIRHEAD & CO. LIMITED, Beckenham, Kent, England 
Telephone: Beckenham 4888 


MUIRHEAD INSTRUMENTS LIMITED, Stratford, Ontario, Canada 
Telephones: 3717 & 3718 


MUIRHEAD INSTRUMENTS INC., 441 Lexington Avenue, New York 17, N.Y., U.S.A. 
Telephone: Murray Hill 2-8131 


452 
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Printed 
Circuit 
Counter 
Panels 









e 
SAAR 
oll Sa et a 
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5O0kc/s Scaler 


1Mc/s Scaler 




















A complete range of transistorized counter 


: ‘ input Amplifier 
panels of common size, fixing method = . 


: : : ‘ Gate Unit 
and electrical connexion, designed to provide 


a flexible unit system 10ke/s Oscillator 


whereby any special requirements ee ener 


in the counting or data processing fields Power Unit 


can be quickly built up. 50kc/s Read-out Scaler 


1Mc/s Read-out Scaler 


A fully illustrated brochure giving SChiidiet Guten Git 
it complete performance and Giisicnak Genk 


specification figures for 


re 


Meter Display Unit 
every panel in the range is 

Lamp Display Unit 
available on request. 
Numerical Indicator Tube 


Shift Register Stage 
Shift Register Driver 


CINTEL RANK CINTEL LIMITED 
Worsley Bridge Road: London: SE 26 
HiTher Green 4600 





Sales and Servicing Agents: Atkins, Robertson & Whiteford Ltd. Industrial Estate, Thornliebank, Glasgow; 


McKellen Automation Ltd., 122 Seymour Grove, Old Trafford, Manchester, 16; Hawnt & Co. Ltd., 59 Moor St. Birmingham, 4. 








CONTROL July 1960 Tick No 50 on reply card for further details 5} 


THI THE HEART OF A GOOD DESIGN IS SIMPLICITY. 


No bellows, bearing or ratio arms. 


ANSWER The Positioner is an integral part of the Domotor, not an 


afterthought. 


TO + The Domotor and Positioner reduce hysteresis to a fraction of 
that experienced with conventional designs. 


Available to ‘open’ or ‘close’ valve with increase of 


CONTROL 3-15 psi signal. 


The action can be changed in a matter of minutes on site. 


PROBLEMS 


THE POSITIONER 


i 


Audco Annin Valves are recognised by 


Control Engineers and Valve Designers as 
Audco Annin i 
ence SEAR the outstanding valve development of the 


Control Cylinder, : past 25 years for the control of hot, cold, 
and Handwheel ) ‘ : . ee 
operated. erosive corrosive or viscous liquids. 


AUDLEY ENGINEERING CO. LTD. AUDCO ANNIN DIVISION, EASTERN AVENUE, GLOUCESTER. TEL: 21451/5 


Division of Audley Engineering Co. Ltd. Newport, SH0)S) (6 


Tick No 51 on reply card for further details CONTROL July 1960 





ne which develops, fixes, and 
without a darkroom. 


ocessed by one charge 
a number of 
A rewind unit is 


y self-contained machi 
record at high speed 
6 in. wide may be pr 
hine will also process 
aneously 


A completel 
dries photographic paper 
Records up to 200 ft. long and 
of chemicals. The mac 
narrower width records simult 

available as an exita- 


The 
solution to your probli 
ems 


EY. 


CAMBERLEY 3401 
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PNEUTOMATION 


There’s a ‘ situation vacant’ in every firm for the tough, 
willing worker who never tires, never makes an error, will tackle 
anything —in short, ‘Pneutomation’. ‘ Pneutomation’— Lang Pneumatic 
air-power systems—is the guiding hand behind a host of jobs 
from jig-boring to bell-ringing, providing accurate, low-cost control 
of complex or simple operations. You can enjoy the benefits of 
*Pneutomation’ at less capital cost than you’d think—the system 

you need is more than likely available ‘off-the-shelf’ from the 

enormous range of standard ‘Pneutomation’ components. 


Squinch says: 
“Plan with Lang Pneumatic 


from the very beginning of every 
production venture— right from 
the start, you'll be certain 

of the happy e * 


Lang Pneumatic Ltd 


[ASSOCIATED WITH DESOUTTER BROTHERS (HOLDINGS) LTD.] 
OWEN ROAD, WOLVERHAMPTON Telephone Wolverhampton 25221-2-3-4 
Telex 33193 


P34 
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The future 


is linked to 


printed circuits 


and in the forefront of circuitry stands Bribond 


Industry stands on the threshold of 
a new era, with progress in 
electronics and nucleonics opening 
up limitless possibilities of process 
operation and production control. 
To the designers and manu- 
facturers of the essential equipment, Bribond offers 
specialised production of printed circuits for any form 
of component assembly. 
As pioneers of plastic lamination and experimental 
research in precision circuit printing, Bribond now have 
many advantages which linked to modern line production 
methods result in unsurpassed delivery service and 
reliability. Further, the Bribond prototype department 
can produce the initial circuit from which final production 


3 IR | 


can be planned, within 48 hours or less if a clean circuit 
image is supplied for reproduction. 

Bribond manufacture all forms of the printed circuit: 
gold, silver or rhodium plating, double-sided circuits, 
flexible circuits, flush circuits, resistance and magnetic 
circuits. Component notation, chemical milling and all 
forms of subsequent machining operations can be 
undertaken. 

Your enquiries are invited. Your circuit problems, 
too, are welcomed especially if they pose a challenge 
that may call for the use of special techniques for their 
solution. Bribond offer design 

and drawing office facilities. 

Full details and samples are avail- 


able on request. 


BON » PRINTED CIRCUITS 


for Radio, Telecommunications, Electronics, Nucleonics 


BRIBOND LTD., BURGESS HILL, SUSSEX Telephone: Burgess Hill 85611 
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off the cuff... 


%* No larger than the average 
cuff-link 


.78” —»| 
eh Size x New mechanism has mechanical life 


of at least 10 million operations 


Tie 


ie nie at % Three types of solder terminals available 


\-4 + Comprehensive range of auxiliary actuators 


poe 


- 
Ne 


BURGESS MICRO SWITCHES (“Ge 
ye 


BURGESS PRODUCTS COMPANY LTD, MICRO SWITCH DIVISION, DUKES WAY, TEAM VALLEY, GATESHEAD 11 
Telephone: Low Fell 75322. Telex: 53-229 London Office: 127 Victoria Street, SW1. Telephone: TATe Gallery 0251 Telex: 25601 


56 Tick No 55 on reply card for further details CONTROL july 1960 





aakes 
aoe 


Pw 


oe ke 


ww) 


OUR MANPOWER 


In almost every industrial process there is some 
stage where manpower could be cut by the applica- 
tion of fluid power. It is here that our labour can 
prove so labour-saving, since the whole weight of the 
Baldwin Fluid Power Division is directed at cutting 
waste manpower and speeding production. 


BALDWIN TECHNICAL REPRESENTATIVES 
cover the British Isles. They are experienced fluid 
power engineers, who will quickly show you how to 
harness waste or under-used power by fitting Baldwin 
equipment which, because of its unit construction, 
can be supplied from stock quickly. 


Write now for the Fluid Power Catalogue C/603 


SAVES YOURS! 


THE EXPERT BALDWIN DESIGN STAFF 
at Dartford will plan automation schemes for any 


operation or series of operations up to the largest 
automatic production lines. 


HIGHLY SKILLED MEN 
on the Baldwin shop floor devote their attention to 
producing the superb finish, reliability and precision 


_ that characterises Baldwin Fluid Power equip- 


ment. There is a standard range of 384 pneumatic 
and hydraulic cylinders and over 700 control valves. 


We have long found that the best way to success is 
to give the best service. At every level, our man- 


power is aimed ax increasing production for industry 
—and for Baldwin too, of course! 


Baldwin Industrial Controls 


Baldwin Instrument Company Limited - Dartford - Kent 
Telephone Dartford 20948 & 26411 - Cables & Telex Baidwin Dartford 


Fiuld Power Division 


A HARPER GROUP COMPANY 
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Ba ancing Motor 
has sectional. housing, 


leakproof oil wick, . 


printed circuits” for 
simplified servicing. 
Any major part can be 
replaced in 2 minutes. 


Constant Voltage Module 
—Uses Zener diodes and 
an ambient tempera- 


‘ture compensator to 


replace standardizing 
mechanism. 


Measuring Circuit Module 
—Contains easily-changed 
range spool panels and 
vernier adjustment. 
Range is changed simply 
by replacing screw-clip 
panels of fixed resistors. 


Amplifier Module— 

Quick connect design permits fast, easy 
removal for servicing and replacement. 
Circle shows quick-connect plug. 


CONTROL July 


1960 
























New modular design... 


makes ZlectnoniX potentiometers 


easier to use and maintain 










Now, four great new features add new operating @ A quick-connect feature permits removal of amplifier for 
and servicing ease to all ElectroniK circular and servicing and its quick replacement. 
strip chart potentiometers. 


@ New balancing and chart drive motors are sectionalized so Now, modular design is combined with the tradi- 
that any major part can be replaced in two minutes. tional precision of ElectroniK potentiometers, to 
give you a greater value than ever in accurate, 
@ A new constant voltage unit replaces batteries, standard dependable measurement and control. 
For full details write to Honeywell Controls 
@ A new measuring circuit, with quick-change range spools, Ltd, Ruislip Road East, Greenford, Middleser. 
simplifies range changing and reduces stray pickup. WAXlow 2333. 









Honeywell 
iH Fouts on Coitiol 


SINCE 1885 
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KEEPING AN 
EYE ON THINGS WITH 
LAMP ANNUNCIATORS 


There is a range of Firth Cleveland lamp annunciators 
to keep an eye on things for you. These are designed for alarm and 
advisory functions wherever visual signals are required. Where you need the additional 
protection of an audible signal, we can arrange a bell, hooter or siren to be 
connected in parallel. A muting switch allows you to silence the signal once your attention 
has been attracted, and when conditions return to normal there is an automatic reminder for you 
to reset it. We have designed the case so that you can mount it to suit yourself—semi-flush 
or projecting from the panel. You can use these annunciators in conjunction with the Firth 
Cleveland capsule operated pressure switches for liquid level alarm indication. 
Single switch units are available for high or low alarm, and 


double switch units where dual protection is required, 


The range of Firth Cleveland industrial instruments also 
includes Hydrostatic tank contents gauges and pressure 
relief valves all of which are complementary to each other. 


We shall be happy to send you full details, 


FIRTH GLEVELAND INSTRUMENTS LTD 


Stornoway House, Cleveland Row, London, §.W.1. Telephone Wiitehall 2166 


GRANCHES: BIRMINGHAM - MANCHESTER - GLASGOW - STOCKHOLM - COPENNAGEN - BALLARAT - SYDNEY - JOHANNESBURG - WAARDEN - MILAN - NEW YORK + BRUSSELS - MAMINEM 


A MEMBER OF THE FIRTH CLEVELAND GROUP ) 
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R.A.E. use 
HASSETT & HARPER CABINETS 


The specialised test equipment shown in our 
illustrations is housed in Hassett & Harper Cabinets 
installed at the Royal Aircraft Establishment, 
Farnborough. 

We are proud to include the R.A.E. on our list of 
distinguished customers and to have co-operated with 
their engineers on this project. 

Whoever our customer may be, we operate with 
a dual aim: to supply his exact requirements and to 
maintain Hassett & Harper standards at a consistently 
high level. From initial consultation, through detailed 
development to completion of a precision-made job 
delivered on time, our engineers will display lively 
and interested co-operation. 

The standard range of Hassett & Harper Cabinets, 
variable in a wide combination of ways, meets most 
requirements, while a custom-built ‘special’ can meet 
any requirement. Ministry K114 Standard is regularly 
adhered to. 

You should have details on file. May we supply 
literature ? 


Both photographs Crown Copyright reserved, reproduced by permission of the Controller, H.M. Stationery Office. 


REGENT PLACE - BIRMINGHAM 1 


i l | d Telephone : CENtral 6418 
q assctt €. arper t LONDON SHOWROOM : 


1 GREAT CUMBERLAND PLACE - LONDON W.1 
Telephone : Paddington 469! 
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All Liquids and Gases can 

be positively controlled 

by an Alcon Solenoid or 
Aco Air-Operated Valve. Sizes 
from }” B.S.P. to 8” Bore. Pressures 
up to 1,500 p.s.i. Temperatures up 
to 300°C. Body materials to suit all 
media including corrosive acids, with 
Standard, Weatherproof or Buxton 
Certified Flameproof Solenoid Hous- 
ings. Glandless, Fluon Glands or 
Stainless Steel Bellows Glands. 


AIR-OPERATED Type AOD 
—Heavy duty air operated units individu- 
ally designed for control applications 
beyond capabilities of Solenoid types. For 
pressures up to 1,500 ps.i. Sizes }” 
B.S.P.—8” Bore. 


$PC.3—Three-way valves for 
electro-pneumatic control systems. Sizes 
up to }” B.S.P. for use with air up to 
150 p.s.i. 


MIDGET Type ACO—Sizes 
up to }” BS.P., used for control of air, 
gases, water, oil at pressures up to 300 
p.s.i. Single way—Reverse acting—Three- 
way types available. 


ACH—Hand Reset type, clos- 
ing automatically on current failure, for 
low and medium pressures. Sizes from }” 
BS.P. to 6” Bore. Inexpensive, simple 
construction, reliable in operation. Also 
available type ACHL. Lever operated for 

use with steam, hot 
water and pre-heated 
fuel oils. 


*Phone : SUTton Coldfield 5227-8-9 


ALEXANDER CONTROLS LTD, REDDICAP HILL, SUTTON COLDFIELD, WARWICKSHIRE 
A MEMBER OF THE CONCENTRIC GROUP OF COMPANIES 
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E{LIOTT 


announce M i N lature LOGic 


A new approach to system design using logical elements 


rar “ie a 
Te oA Lae , 
eee Shiba pope ree Sie 3 ee a 


MINI LOG provides a quick and convenient method of producing 
logical systems with a minimum of expensive design and engineering effort. 


MINI LOG has numerous industrial applications, in — 


AUTOMATIC CONTROL 
* LIFT CONTROLLERS 
* CONVEYOR SYSTEM CONTROLLERS 
* TEST EQUIPMENT SEQUENCE 
* OPTIMIZING DEVICES 


and many others. 


For advice on system design consult :— 


PANELLIT LIMITED 


Elstree Way, Borehamwood, Herts 


Ls A eer of the Elliort-Automation Group Ly 
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AVOCET HOUSE ~- 92-96 VAUXHALL BRIDGE ROAD 


- 


reiepr € victoria 3404 12 lines) 


A MEMBER 


Ulustration by courtesy of British Railways 
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more sensitive 


Austinlite 


FEATURES 


High accuracy—to within + 0.5%. 
High torque—hence positive contact pressure. 


Ease of adjustment with fine and coarse settings APPLICATIONS 
and self-locking adjustable contacts. 


Current regulator control. 
Choice of either two or four adjustable contacts. 


Voltage regulator control. 
oe case design—projection or flush Monitoring duties. 


Dustproof and suitable for use in the tropics. Limiting duties. 
Conforms to Post Office Specification P.T. 1025B. 


Suitable for current or voltage sensing on 
either D.C. or A.C. 


c7tustiniite ELECTRICAL EQUIPMENT = | 2%er= of Sumo Pumps ana 


Stone-Chance Lighthouses). 


Custom-built by STONE-CHANCE LTD. CRAWLEY, SUSSEX. 


Equipment protection. 
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MACHINE DESIGNERS AND PROCESS ENGINEERS— 


New developments in 

adjustable speed drives 
provide the performanc 
you need—economically 


One third of control cubicle and main desk for 
impregnating and calendering line drive comprising 
27 motors totalling 1,700 horsepower and 
incorporating speed, tension, temperature, 
elongation and thickness controls. 


Advanced design concepts now enable specialised drives to be tailored 
to your needs at lower cost. Ratings from fractional to 10,000 horse- 
power incorporating such features as wide speed range, high pertorm- 
ance and automatic control from process variables 


Using alternatively two basic power conversion systems to 
feed the d.c. driving motor—one static, the other rotating— 
together with closed loop servo control of speed—this un- 
equalled range of drives is unique in its exceptional adapt- 
ability. 

An extensive range of performance characteristics is avail- 
able, up to 100:1 speed range—torque control—controlled 
acceleration—multi-motor speed matching—speed pro- 
portioning, together with many others. 

The drives are also designed to operate with a standard 
range of transducers to provide automatic control from 


LANCASHIRE DYNAMO ELECTRONIC PRODUCTS LIMITED 


STAFFORDSHIRE 


S.Y.La RUGELEY 


material tension and linear speed—pressure—flow—tem- 
perature—thickness, to name but a few examples. 

In addition, following two years’ field experience with the 
Transidyne fully transistorized control system in smaller 
ratings, semiconductor control has now been extended to 
drives up to 10,000 h.p. thus offering yet another plus to 
engineers applying all types of adjustable speed drive.. 

For more details of these exciting new developments, write 
for Application Case Study No. 115—‘Specialised Ad- 
justable Speed Drives’ to Systems Division at the address 
below. 


ENGLAND 


Manufacturers of the world’s widest range of industrial electronic control equipment 
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Transistor OC204 is the first large signal 
device to be added to the growing range 
of Mullard silicon alloy junction 
transistors. It has a high peak current 
rating of soomA and an excellent current 
gain both at low and high currents— 
40 at 1omA and 15 at 1somA. 

The maximum permissible junction 
temperature is 150°C and allows a 
maximum dissipation of 125 mW 

at 100°C ambient. In common with 
other transistors in the Mullard 
silicon series, the OC204 has an 
external metal case which allows it 

to be clamped securely in position and 
a heat sink to be used for 

higher dissipation ratings. 

A glance at the abridged data 

shows that the OC204 has the 
recognised advantages of other 
Mullard silicon types—low 

leakage current, low bottoming 
voltage, good frequency response and 
wide range of operating temperature. 
The high peak current and gain 

of the silicon OC204 are extremely 
useful in the design of a variety 

of medium power equipments 

where the operating range of 

ambient temperatures is wide—and 
in particular for Class B audio 
amplifiers, the control of small 

servo motors, oscillator and 

switching circuits and very compact 
d.c. converters for instrumentation 
and portable equipments. 


Please contact Mullard House 
for full data and any other 
information that you may require. 


Mullard Limited 
Semiconductor Division 
Mullard House 

Torrington Place London W.C.1 
Langham 6633 


industrial 
semiconductors 


or further details 





customer evidence... 


Modestly we claim that under suitable conditions this 
new miniature will give service in excess of 10 million 
operations but 100 millions leaves us breathless and not 
a little proud. Capable of handling springset arrange- 
ments of up to 12 springs normal duty loading and 
switching at speeds of better than 10 m.s. when 
required, the G.P.S.T. is a natural for computers and 
similar applications. 


For more details please write to the 
TECHNICAL SERVICES DEPT. 


ELECTROMECHANICAL DIVISION 
BEESTON - NOTTINGHAM 
ERICSSON TELEPHONES LIMITED + HEAD OFFICE - 22 LINCOLN’S INN FIELDS LONDON W.C.2 
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A file-store matched to 
the speed of the computer 


For use with existing 
card systems 


DECIMALS Manual input in everyday 
ee figures 


7m 


...for profit’s sake buy a 


poner cep: 


Essential equipment for the modern business... not 
only has this computer obvious advantages of com- 
pactness, low cost and convenience, it is simple for you 
to operate and simple for us to maintain... and 
eliminates the need for experts. 


TEST THE 803 ON YOUR OWN WORK.. 
You must see and test the 803 in operation on your 
particular problems. Please telephone or write to us 
and we will gladly arrange for you to do so. 


For Scientific and Industrial Applications For C ercial Applications 


ELLIOTT BROTHERS (LONDON) LTD NATIONAL CASH REGISTER CO LTD 
Elstree Way, Borehamwood, Herts 206-216 Marylebone Rd, London NWI 
Telephone: ELStree 2040 Telephone: PADdington 7070 


C508 
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ALOGUE WILL HOLD 
ITS SOLUTION! 


aon & & 8 6 4 1 


Remember—our vast range. 
of Transformers is available 
for delivery from stock and 
is backed by our ‘By return 
Service’ 
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WIRING & CONNECTORS DIVISION 
THE PLESSEY COMPANY LIMITED - CHENEY MANOR - SWINDON 
Telephone Swind on 6251 


Overseas Sales Organisation: Plessey International t 
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The special quality of Magnetic Devices Relays which embraces 


* RELIABLE OPERATION AND PERFORMANCE ACCURATE RESPONSE 


* LONG LIFE * UNRIVALLED TECHNICAL KNOW-HOW IN RELAY DESIGN 


Magnetic Devices manufacture a complete range of relays for every application in the electrical 
and electronic industries. Robust construction, proven reliability, versatility of contact 


arrangements—simple to re-arrange to customers’ requirements. 


The standard range includes enclosed hermetically sealed, miniature, sub-miniature, plug-in, 
screw terminal and transistorised types; for A.C. or D.C. operation. 


Special relays for prototype equipment can be supplied—consult our design engineers. 


¢ - * 
* WIDE RANGE ~ KEEN PRICES SPEEDY DELIVERY 


Series 336 Relay. A new plug-in, Series 596 HS Relay (Transistorised) . Series 302 Relay. Hermetically 
sub-miniature sealed relay with Hermetically sealed relay for sealed solenoid operated relay 
double-changeover control by ultra-sensitive with double pole double throw 
contacts capable of switching contacts. For handling the contacts rated at 25 amps, 
a 2-amp. resistive load at loads of circuits such as heavy- 24 volts D.C. Suitable for use 
28 v D.C., or 110 v A.C, duty contactors; solenoids, in high ambient tem tures. 
Cpemees on 0.35 watt in 3 ms., heaters etc. Controlled by Approved to Class Hr humidity 
releases in 2 ms. very light inputs. classification laid down in 
RCSrr1. For up to 112 volt 
D.C. operation. 


MAGNETIC DEVICES LTD 


NEWMARKET ENGLAND TEL: NEWMARKET 3181 (5 LINES) GRAMS: MAGNETIC NEWMARKET 


A.j.D. & A.R.B. APPROVED 
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SWS Ee High-Heat Mouldings 


o¢ 
¢ SILIGONE/GLASS Jntermittent 
We are prepared to recommend our Silicone/Glass Mouldings 


for continuous service at 250°C or for intermittent service at 300°C 
*¢ Dimensions of mouldings which 
— 250 SILIGONE/GLASS Continwow we can moasatiasaih adhe 
all determined by the design. 
oc A small bobbin can be made with 
bt 975 TRIS AL ee a wall thickness of -020" but 
all in larger sizes, say over | sq. inch 
: 900 Cc PHENOLIC/ASBESTOS Liocmtiecia cheek area or 1” length of core. 
























increased thickness is recommended 
General tolerances are +-005” but, 
| | o¢ if design of the moulding permits, 
bo 180 POLVESTER/GLASS 3 Continuou that value can be halved. 
We are always glad to advise 
in the design stage of any moulding 
what is possible. Slots or 


RK °C Re holes can usually be incorporated 
+— 150 a OSS eee 


in cheeks of bobbins. 






















These small mouldings are fully moulded, 
cured and post cured as necessary to 
impart best electrical and mechanical 

properties to the product. 








*> om 2 


Anglo-American Vulcanized Fibre Co. Ltd 


CAYTON WORKS BATH STREET LONDON E.C.1. cre 3271 Grams: PROMPSERV AVE, LONDON 
DELANCO WORKS * LEONARD STREET . LONDON €E.C.2 


VULCANIZED FIBRE LAMINATED BAKELITE LEATHEROID MICA COMPOSITE INSULATIONS EBONITE 
PRESSPAHN - CLOTHS, TAPES AND SLEEVINGS - PRESSED, TURNED AND MACHINED COMPONENTS 





























PRESSBOARD 


AR 
SIR 





fick No 73 on reply card for further detaits CONTROL July 1960 CON 





iad 
rs a's’ D 


ea 


ELECTRO-HYDRAULIC 


SERVO VALVE 
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ARMSTRONG WHITWORTH EQUIPMENT 
SIR W. G. ARMSTRONG WHITWORTH AIRCRAFT LTD., A MEMBER OF THE HAWKER SIDDELEY GROUP 
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The valve — see diagram — consists of a main valve and 
a pilot valve. The main valve is supplied with pressure oil 
through ports A and B. When the spool is in the central 
position —as shown—the oil escapes through the 
tapered slots to the opposed jets C and D in the pilot valve 
and impinges on each side of the diaphragm. The two 
coils can be energised to attract the diaphragm towards 
one or other of the jets. If the signal to the right hand coil 
is the stronger, the diaphragm will flex to the right, 
restricting the flow from the right hand jet and thus 
increasing the pressure in that line. Similarly, the pressure 
in the left hand line is reduced. This pressure difference 
is transmitted to the main valve and causes the spool to 
move to the left until the resultant decrease in discharge 
area of the tapered slot at the right hand end of the spool 
and the increase in that at the left cause equilibrium to be 
restored. The displacement of the spool uncovers ports 


E and F, thus opening pressure and return lines to the 
hydraulic machinery. 
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This small 
cylinder 















e The Schrader midget air cylinder gives you many more fingers— 
a : r to fingers of air—for use with jigs and fixtures, transfer 


and special purpose machines. For this compact, double-acting 
Kk unit is easily mounted into any assembly and is a 
wo r boon for push, pull or push-and-pull movements with a 
lighter touch. Make no mistake though, this cylinder, 


fo ol yo ul with 1” bore, is toughly constructed to give long, trouble-free 


service under conditions of heavy going. Both cylinder 


* 
5 y aA and piston are of non-corrodible brass with cartridge type 
bronze bearing and piston rod seal. It has a 1” dia. neck 





mounting thread and fits a standard 1” bored hole. 


5 
big Piston strokes available 1”, 2”, 3”, 6”, 9” and 12”. 
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To: A. SCHRADER’S SON, Air Control! Products Dept. C 
829 TYBURN ROAD, ERDINGTON, BIRMINGHAM, 24 













Control Valves 





Please send details of Air Ejection Sets 
RK TH 
Schrader AIR CYLINDERS|and Airline Couplers ("REQUIRED : 
Blow Guns 





Schrader Air Cylinders, 
Control Valves, Air Ejection Sets, 
Airline Couplers, Blow Guns 
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The following instruments are normally available 
ex stock or at short notice: 

BE.238 — Proximity Switch — High and Low Level Control 
— Counting — Monitoring 

BE.291 — Continuous Level Monitor 

BE.289 — Incremental Capacity Switch 

BE.251 — Carton Contents Monitor 

BN.119 — Non-destructive, portable, plating Thickness Gauge 
BN.120 — Universal Scintillation Counter 

A large variety of Probes, Sensing Heads, etc., associated with 
these instruments is available. Probes can also be designed and 
built to customers’ requirements. 

The instruments listed below are available and can 
be made to order: 

BE.245 — Transikator 

BN.131 — Radiation Switch 

BE.250 — Press Output Monitor 


RELIABILITY STABILITY 


1960 


SENSITIVITY 


BURNDEPT 
~~ 


We are proud to number amongst the Organisa- 
tions using our Instruments: 
MONSANTO CHEMICALS - 
METAL BOX CO. * 1.C.I. . 
ROYAL DUTCH SHELL CO. - COOPER McDOUGALL 
Burndept Ltd. also develop and produce: 


Search & Rescue Radio Beacons 
V.H.F. Airborne & Mobile Telecommunications 
Primary Batteries and Rechargeable Cells 


Contractors to H.M. Govt., U.K.A.E.A., and 
many Foreign Governments. 


PORTALS LTD. 


Enquiries to: Contract Sales Dept., BURNDEPT LTD - ERITH - KENT 


ADAPTABILITY 
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ASSOCIATED TRANSISTORS LTD 














There are immediate vacancies for: 


SEMICONDUCTOR ENGINEERS 


in the Production Engineering Department. The responsi- 
bility of this Department is to accept devices resulting from 
research and development programmes and to prepare 
designs and schedules for pilot production lines. The right 
men will know the skills needed, and applications are invited 
from those who recognise this work as a challenge. A pro- 


fitable career within this rapidly expanding Company could 
result. 
Quote Ref. Dr. P. M. Tipple 


CIRCUIT ENGINEERS 


in the Commercial/Applications Department for liaison 
with the design engineers of our associated companies and 
customers. Work in this expanding field of interest requires 
a wide knowledge of circuit design. 


Quote Ref. Mr. J. G. Salmon 


TECHNICAL SALES ENGINEERS 


A number of interesting opportunities exist for technical 
sales engineers. They should be capable of discussing 
transistor usage with potential customers, and will be sup- 
ported by a highly technical Commercial/Applications De- 
partment. Those who have good commercial understanding 
and appreciation of electronic circuit design problems 
connected with semiconductor usage are invited to apply. 
Quote Ref. Mr. D. C. P. Gibbs 


You are invited to communicate with 
us, in strict confidence. 


a career 
in ELECTRONICS 
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ASSOCIATED TRANSISTORS LTD. 
is a new and vigorous Company 


associated with 





AUTOMATIC TELEPHONE & ELECTRIC CO. LTD. 
THE ENGLISH ELECTRIC COMPANY LTD. 
ERICSSON TELEPHONES LTD. 


Because we are a new organisation, 

and sponsored by Companies of such high 
repute, there are great opportunities 

for men with talent and experience to join 
our organisation. 

If you feel you can make a worthy 
contribution to the work of our present 
team in helping to solve the 

intriguing problems of designing and 
manufacturing transistors, there is a 


rewarding career ahead of you. 
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Transformation scene 


HOSE WHO WERE IGNORANT of con- 
temporary mathematics were barred from 
Plato’s Academy, and in the Middle Ages the 
importance given to this subject was almost equally 
high. In fact, it is not so long ago since the ‘ Queen 
of Sciences’ was one of the principal humane 
studies and an essential part of a liberal education. 
Perhaps this historical association with philosophy 
and the cloister has helped to preserve a suspicion 
among some engineers that manipulation of sym- 
bols is utterly apart from manipulation of things. 
Belief in the separateness of theory and practice 
is given caustic tongue on many a shop-floor, and 
while this may be ascribed at least partly to fear 
of the unknown, a similar tendency occasionally 
lingers in the minds of more elevated engineers. 
Thus Russian efforts in theoretical control engineer- 
ing have sometimes been waved aside because of 
their fancied dissociation from real life. Not 
until the sputniks and luniks shot into view did a 
majority of western practitioners begin to take this 
work seriously. And most seriously have they 
recently had to take it in Moscow, at the Ifac 
Congress there, for the feast of theory was 
enormous.* : 

The mathematical approach is anathema to 
some, but anyone who has been lucky enough to 
receive skilful teaching in the subject will admit 
that, to those with the right sort of mind, rigorous 
mathematics has a beauty of its own. Yet few will 
concede the practical value of rigour (‘If a for- 
mula fits the facts well enough for the needs of the 
moment, why bother to go further? ’). The fortun- 
ate folk, who are gifted with a bigger share of good 
hunches than the rest of us, get along very well in 
this empirical way; and if their insight happens 
to be of the mathematical kind, they may start 
something quite new for academics to follow 
through in detail. But not everybody is so gifted. 
There are people who positively need a measure of 
rigour, in order that they may understand mathe- 
matical techniques sufficiently to apply them. Men 
of this kind, capable of a considerable contribution 
to technology, are hampered in their student days 
by the sort of roughcast theory that a more in- 
tuitive type of person can use without anxiety. 

There is a good example of this in control 
engineering, where Laplace transformations have 
become widely accepted as a tool of the trade. If 





* The Congress is reported on pages 84ff, 
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a student has an eye to control engineering as a 
career, he will discover the existence of transform 
methods in the literature well before these methods 
come up (if they come up at all) in his syllabus. 
Naturally he will then turn for enlightenment to 
the relevant pages of his Maths. textbook. Suppose 
that such a student uses Lowry and Hayden,* to 
take one popular example. There he will see the 
Laplace transformation defined as a certain inte- 
gral multiplied by the complex variable. Now let 
the same student refer to a textbook on automatic 
control theory, say (to take another popular 
example) Chestnut and Mayer.t There he will find 
the definition uncompromisingly shorn of the com- 
plex factor. Result: mystification—and one more 
budding engineer given the cynical feeling that 
applied mathematics is just a system of wangles. 
Nor is it only the budding engineer who is con- 
fused by this muddle over transforms. We have 
ourselves met at least one highly competent lec- 
turer, well versed in the application of automatic 
control theory, who could not resolve the problem 
for an enquiring pupil. 

On CONTROL we strive to be properly practical 
in our approach, and we are respectfully guarded 
in our relationship with the higher theoreticians. We 
know that the beauty of pure mathematics and the 
satisfaction of rigour are luxuries seldom sought in 
industry. It is told of G. H. Hardy, the pure 
mathematician, that he once spent half an hour of 
lecturing time discussing whether or not something 
he said was ‘ obvious ’. Engineers with a program 
to meet have neither the time nor the inclination 
for such reflexions. But we think that there is a 
happy mean here, and we believe that an occa- 
sional return to first principles is useful to the 
busiest of practitioners; the illumination found can 
be such as to light an entirely new path, or at any 
rate reveal the snags in an old one. That is one rea- 
son for welcoming the contribution this month of 
an article on the s-multiplied Laplace transform- 
ation.t If control engineers do accept transform 
methods as the best in their field then it is still 
not too late to consider cleaning these methods up, 
for the sake of the coming generation at least. 


* Advanced mathematics for technical students, Part Il, by H. V. 
Lowry and H. A, Hayden, Longmans Green. 

+t Servomechanisms and regulating system design, Vol. 1, by Harold 
Chestnut and Robert W. Mayer. Chapman & Hall (London), John 
Wiley (New York). 


t See page 105. 
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LETTERS 
to the EDITOR 


Confusing cybernetics 

SIR: I have a special interest in the 
mutual impact of the studies of con- 
trol problems in industry and in the 
human being. Consequently it was 
with great pleasure that I discovered 
Mr. Stafford Beer’s article in the June 
issue of CONTROL and [ hope you will 
allow me space for a few comments. 

Without any detraction from the 
meat of Mr. Beer’s article, I must 
protest at his use of the word ‘ cyber- 
netic’. Computer engineers have 
already confused the layman by talk- 
ing of ‘read’ and ‘ write’ when they 
mean ‘transfer data’ and by talking 
of ‘words’ when they mean ‘ units 
of data’. I hope this kind of thing 
will not be permitted to extend. 
‘Cybernetics’ is a science, and a 
‘cybernetic company’ can only be a 
company whose business is to engage 
in that science—but this is not what 
Mr. Beer is talking about. In the sense 
in which he uses the expression, every 
company is a cybernetic company in 
that it is controlled somehow. To 
adopt ‘ cybernetic’ as an adjective to 
mean ‘automatically controlled by a 
self-regulating, self-adaptive and self- 
organizing system’ is not only con- 
fusing but completely unjustifiable, 
etymologically or otherwise. A cyber- 
neticist is concerned with much wider 
issues, although his work has great 
application in the narrower field 
covered by Mr. Beer. 

Similarly, ‘a cybernetic system’ is 
nonsense, for cybernetics is substan- 
tially the study of systems. 

The distinction which Mr. Beer 
attempts to draw between an automa- 
tized factory and what he calls a 
cybernetic factory is quite artificial, 
for it is merely one of degree. An 
organism is self-adaptive to changes 
of environment within a limited range. 
Whilst Mr. Beer’s plea for the devel- 
opment of automatized systems so 
versatile, responsive and adaptive as 
to be more nearly comparable to that 
of an organism is deserving of every 
Support, there are no grounds for 
describing such sophisticated control 
systems by a new term and certainly 
none for misusing an existing word to 
do so. 


The position may be summed up in 
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this way. Any system must be coupled 


to its environment for survival and 
the environment must include a source 
of power and a sink for waste-dis- 
posal. The term of survival depends 
on the degree and rate of self-adapta- 
bility to changes in the environment. 
An adjunct to such self-adaptability 
may be an ability to influence the 
environment. (For example, stimulat- 
ing the demand for a company’s pro- 
ducts is hardly ‘turning the world 
into a dinosaur sanctuary’.) It must 
be agreed that such an ability may 
never be mistaken for self-adaptability 
itself. 

In this summing-up, ‘the System’ 
may be any selected mechanism—as 
small as a car voltage regulator or as 
large as the economy of a continent. 

‘Automation’ is a_ technology 
which is developing to enable us to 
make control-systems capable of 
longer survival terms without human 
intervention. One of the main sciences 
employed in the technology of auto- 
mation is cybernetics—the study of 
the nature of control and communica- 
tion in organisms and other mechan- 
isms. 

May I also comment on your 
editorial note concerning ataxia? 
Ataxia is a trembling or oscillatory 
state caused by direct coupling be- 
tween the sensory and motor elements 
of a system, i.e. the regulator is dis- 
ordered or short-circuited, for the 
function of a regulator is to inhibit 
the effect of sensory information upon 
motor action. When this uncomfort- 
able condition occurs in man, it may 
be due to brain disorder (not neces- 
sarily disease) or possibly to neurolo- 
gical ‘ short-circuit ’ without the brain 
taking part. 
Bishop's Stortford, 
Herts. 


JOHN B. RUDKIN 


Interesting the outsider 


SIR: Doubtless the recent LE.A. 
Exhibition was a successful one, and 
useful to those who were already 
well versed in the type of hardware 
displayed. But as one who knows 
only a mite about instrumentation 
and control, I found myself perplexed 
by the multiplicity of instruments and 


equipment on show at Olympia. 
Surely at an exhibition open to the 
general public the organizers might 
seize the opportunity of interesting 
and educating those who are not ‘in 
the game’. A non-commercial exhibit 
illustrating some of the fundamentals 
of automation and present trends of 
development would both inform the 
ignorant and have some ‘ gimmick 
value’ as a centre-piece for the Exhi- . 
bition. I appreciate that open meet- 
ings were held during the show in 
the ‘Electronic Forum for Industry’ 
but transitory discussions cannot take 
the place of a good physical exhibit— 
one that would whet the appetite for 
automation of an out-of-date engin- 
eer such as myself, who feels he can 
best sign himself 

“ CONFUSED ’” 


(Name given but withheld by request 
—EDITOR) 


PUBLISHER’S COLUMN 


Automation summit 


The long-awaited Moscow Con- 
gress has come and gone, and 
we know that the Editor has 
had a very busy time as one 
of the British delegates. Un- 
doubtedly the Congress will 
mark an epoch in_ thinking 
about automatic control, and 
we can see from the prelimin- 
ary report in this issue that it 
is going to be a fearful task to 
judge and appraise the fruits of 
the meeting. We are certainly 
dazzled by the group of experts 
that have joined the Editor to 
discuss the event in next 
month’s CONTROL, and we know 
that they are excellently well 
qualified to produce an assess- 
ment. Perhaps the perspective 
of time will cause them to adapt 
their views to some extent later 
on, but men like Foster, Paul, 
Redding and Westcott are un- 
likely to mistake the most im- 
portant landmarks. A review by 
so redoubtable a team of 
authors is something to look 
forward to. The full official 
proceedings may possibly be 
out a little before next year, 
but few people will be able to 
study that mammoth publication 
at all thoroughly. The articles 
in this and next month's issue 
will be a first guide of immense 
value to those control engin- 
eers—inevitably the majority— 
who could not go to the Con- 
gress themselves. 





For low-cost 
automation 
Centec Machine 


Tools Ltd. chose 


standard Vi AXA 


Flexibility and dependability at low cost was the theme 
of the Centec exhibit at the European Machine Tools 
Exhibition, 1959. 

A multi-station rotary transfer machine built entirely of 
standard components demonstrated that automation 
need not necessarily be expensive. A 7-station design 
was assembled for the occasion. The eighth position on 
the rotary table was provided for loading and unloading 
the workpieces. Drilling seven holes }-inch diameter at 
#;-inch centres in a brass rod, total machining time was 
74 seconds. 

Basically, the machine consisted of a standardised 
Centec rotary indexing table with component clamping 
and sequence control operated by standard MAXAM 
cylinders and valves. Par-A-matic drill units were 
supported on pillars at the drilling stations. 

The demonstration proved conclusively that low-cost 
automation is capable of wide application, and needs 
skilled labour for the initial setting operation only. 


REGISTERED TRADE MARK 
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Fluid Power Equipment 


Loading and unloading were carried out 
by unskilled personnel, but even these 
stages can be hopper-fed if required, 


More and more constructors of flow pro- 
duction machinery are designing their 
assemblies with MAXAM Fluid Po 
Equipment in mind ! 


If you are a Chief Draughtsman, Works Manage 
Production Head or other person seriously interested 
safely increasing productivity, please send for our lit 
ature covering standard valves, cylinders, rams 2 
other hydraulic/pneumatic equipment. 


Distributed by: 

Holman Bros. Limited, Camborne, England; 

Camborne 2275 and at 44 Brook Street, London W.1; 
Hyde Park 9444. . 
Also in Birmingham . Cardiff . Glasgow . Peterborough Gale 
Sheffield. Australia . Canada . East Africa . France ' 
India . South Africa . Spain . U.S.A. . West Africa. y 
With Agents and Representatives throughout the world. onea 


Fluid Power Equipment 
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VIEWPOINT 


David Foster, an independent expert 
on systems engineering, and Chairman 
of the Scientific Committee of the 
Engineering Industries Association, 


puts four propositions for . 





ACCELERATING AUTOMATION 


Most people concerned with the field of control 
and automation are involved in some highly speci- 
alized aspect of it. My own job as a Consultant 
involves covering the field in breadth. | must 
know something about each of the twenty or thirty 
principal developments now taking place. As I see 
it, the applications of the field have three major 
divisions: manufacturing industry; process indus- 
try; distribution and traffic control. 

The progress of automation in this country is 
far too slow to satisfy any of us, and this in spite 
of the fact that the quality of our scientific talent 
is second to none. I put forward the following four 
leading propositions in an attempt to spotlight the 
factors which must be dealt with if progress is to 
be accelerated. 

First, automation is a horizontal industry of the 
same significance as mechanical, electrical, chemi- 
cal and communications engineering. It is based 
on some pretty high-class and difficult concepts 
such as the automatic simulation of mental pro- 
cesses. All this has given rise to a Tower of Babel 
comparable to that which would have arisen if 
we had attempted to develop atomic power with- 
out a Harwell. Automation cannot progress without 
a permanent physical centre equipped, at the very 
least, for demonstration and information. 

Secondly, the ‘ automation industry ’ consists of 
about 2000 electronic, electrical and instrument 
firms, all attempting to sell techniques to process 
and manufacturing industry. But the user indus- 
tries are not interested in ‘technique’, they are 
only interested in saving money, and want to be 
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presented with practical and economic automation 
systems. Quite a bit of the thinking of the elec- 
tronics industry refers to 1980: quite a bit of the 
thinking of user industry refers to 1910. The prob- 
lem of bridging this three-generation gap is for- 
midable. Somebody must do the work-on economic 
automation systems, and somebody must pay for 
it to be done. 

Thirdly, there is the problem of the small user. 
A few large and progressive user-companies have 
set up scientific teams perfectly capable of realizing 
advanced automation ideas. These will give the 
big groups an even greater lead over smaller firms. 
Something must be done for the small user who 
wants to take advantage of automation but cannot 
afford to set up the organization necessary for 
study and application. 

Fourthly, consider national policy. The subject 
of automation is thought to be sufficiently impor- 
tant for the creation of a British Computation and 
Automation Conference, representative of all our 
technical and scientific organizations. But many of 
the problems do not concern technicians only, they 
also concern industrialists, labour, and government 
departments. At present it is impossible to get a 
national policy out of anybody. There should be 
a national body on automation, representative of 
technical interests, labour, industry and the Gov- 
ernment, to deal with these problems. 


Doouit foto 























































































































































































































The first lfac Congress 







TWENTY COUNTRIES WERE REPRESENTED AT THE FIRST 
Ifac’ International Congress on Automatic Control, and 
about a tenth of the papers were British?. Held in 
Moscow from June 27 to July 7, the Congress- was 
organized for Ifac by the U.S.S.R. National Committee 
for Automatic Control. Nearly 300 papers were pre- 
sented, and it is clearly impossible here to refer more 
than briefly to a few of them. The full proceedings will 
be published by Butterworths before the end of this 
year, it is hoped, and will cost about £10. The British 
papers will be presented afresh and discussed at a 
symposium in London on September 27 and 28°. 


Continuous systems 


In a paper on the approximate calculation of tran- 
sient response, O. P. D. Cutteridge (U.K., ]) developed 
special sets of polynomials—and five-figure tables of 
them—with which it is possible to determine the tran- 
sient response of a complicated linear system without 
finding all the zeros of a high-order polynomial. 

Discussing the effect of time lags on the stability of 
dynamical systems, Qin Yuan-Xun ef al (China, 2) 
compared the stability of a general system of linear 
difference differential equations with the stability of a 
corresponding system of linear differential equations. 
The authors investigated time-lag bounds sufficient for 
the stability of the former if the latter is stable, and 
dealt also with the case of time-variant lags. 

Following work by Shchipanov‘ in 1938, Luzin® for- 
mulated the principle of invariance in 1940. Discussing 
this principle in his paper to the Congress, B. N. Petrov 
(U.S.S.R., 3) considered its application to linear and 
non-linear systems. He concluded that the realization 
of conditions of invariance leads to a substantial 
advance in the quality of automatic control systems. 





* For list of titles see News round-up in CONTROL for March 1960, p. 130. 

3 Administered by the Institution of Mechanical Engineers as the secretariat for 
Group A of *he British Conference on Automation amd Computation, Details 
can be obtained from The Hon. Secretary, Group A, B.C.A.C., Institution 
of Mechanical Engineers, 1 Birdcage Walk, London, S.W.1. 


* Shchipanov, G. V.: ‘ The theory and method of designing automatic regu- 
lators ’, Avtomatika i Telemekhanika, 1939 (No. 1), p. 49. 


* Luzin, N. N.: * Investigation of the matrix theory of differential equations “é 
Avtomatika i Telemekhanika, 1940 (No, 5), p. 3. 
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The international congress 
just ended in Moscow 


met under a threefold motto: 


‘For the theory—wide application, 
For the instrumentation—maximum reliability, 


For the process control—highest effectiveness’ 


Y. H. Ku (U.S.A., 4) opened his review by enunciat- 
ing that ‘ Nature is non-linear’. He then traced three 
stages in the study of physical systems: the develop- 
ment of linear analysis and synthesis, the recognition 
and analysis of non-linear systems, and the introduction 
of the concept of non-linear control. After references 
to describing-function and other linearizing techniques, 
he considered the phase-space method and related con- 
cepts. He ended with a survey of new analytical methods, 
new transforms, and the theory of non-linear systems 
generally. 


Discrete systems 


E. I. Jury (U.S.A., 5) attempted to indicate some of 
the recent progress made in the theory of sampled- 
data and digital control systems. He divided his material 
under the headings of Linear theory, Statistical theory, 
Non-linear theory, Time-varying theory and Digital con- 
trol systems, dealing with methods of analysis and 
design in each case. After a brief survey of digital con- 
trol systems he indicated how the theory could be 
extended to those systems. 

The elements of the theory of computing automatic 
systems were presented by Ya. Z. Tsypkin (U.S.S.R., 6). 
He stated that the results given make possible the deter- 
mination ‘on a sounder basis’ of the conditions for 
substituting equivalent impulse, relay or continuous 
automatic systems for computing automatic systems. 

Pointing out the deterioration in the settling-time 
response of a sampled-data control system, and the fact 
that such a system does not settle down when the con- 
troller output is limited by an element that saturates, 
B. Kondo ef al (Japan, 7) proposed a method of con- 
troller design which will ensure that the system settles 
down after release from saturation. The authors claimed 
that the method can be applied to a disturbed system, 
and they described applications to a process control 
system and a servo-mechanism. 

The utility of phase-plane techniques for analysis 
of relay control systems was argued by K. Izawa (Japan, 
8) in a paper on sampling systems. Introducing a 
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stochastically varying dead time to construct the limit 
band on the phase plane, he had come to a number of 
quantitative conclusions. These he had checked with 
analogue computer tests, and the results agreed well 
with theoretical prediction. 

Fujio Nishida (Japan, 9) discussed generally the syn- 
thesis of multi-variable control systems by means of 
sampled-data processing techniques. Introducing appro- 
priate discrete compensations, and applying the method 
of Jury and Schroeder, he proceeded to sketch design 
procedures and illustrated them with examples. He 
extended the synthesis to the general case where there 
are more inputs than outputs, and finally gave a statis- 
tical optimum design procedure for sampled-data con- 
trollers with random external disturbances. 

Results of studies on relay systems, designed for 
optimality under some classes of random input, were 
presented to the Congress by A. M. Hopkin and P. K. C. 
Wang (U.S.A., /0). They concluded that an effective 
relay control system can operate from a random input 
provided that that input permits short-term prediction: 
performance can be improved sufficiently to justify the 
complication of the switching decision device. The 
authors gave examples of the behaviour under test of 
computers designed on the lines they had described. 

J. E. Bertram and P. E. Sarachik (U.S.A., //) were 
concerned with the problem of moving the output of a 
plant from one value to another with the minimum of 
control work. More specifically, they dealt with the 
problem of getting the outputs of a plant, at particular 
instants of time, as close as possible to the desired 
values, this at a control cost not exceeding a certain 
named constant. 

An adaptive sampled-data system model that is quasi- 
statistically linear was described and evaluated by 
B. Widrow (U.S.A., /2). The model uses ‘ performance’ 
feedback, and analytical results from it show that 
adjustments are inversely proportional to rates of adap- 
tation. Adaptations at different ‘administrative’ levels 
can be analysed separately and misadjustments are 
additive. The author thought that many natural pro- 


cesses of adaptation seem to be based on similar prin- 
ciples. 


Stochastic problems 

Describing a method of analysis for randomly dis- 
turbed dynamical systems, J. F. Barret (U.K., /3) stated 
that it can be used to give exact solutions to problems 
on non-linear automatic-control systems. The method 
involves determining the nature of the solutions of 
Kolmogorov’s equation. Many problems are involved 
in applying the method, and many of these are mathe- 
matically difficult. 

J. F. Coales (leader of the British delegation to the 
Congress) and P. J. Lawrence (U.K., /4) told of work 
on the possibility of producing charts which would 
enable a designer of a single control loop, given some 
knowledge of the state of the input and noise, to choose 
a compensating network and power source for a given— 
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and most economical—performance. Very widely 
applicable results can be obtained with non-dimensional 
parameters. Because performance changes slowly near 
the optimum, a reasonable number of charts will cover 
all likely systems. The authors described the prepara- 
tion and use of the charts, which are to be published in 
book form later. 

The effect of a little white noise, acting for a long 
time on a weakly damped non-linear oscillatory system, 
was considered by N. M. Blachman (U.S.A., 75), with 
particular reference to a system having an instability 
past which the noise may push it. He said that although 
his method involves more numerical work, it improves 
considerably on an earlier method which regarded the 
phase oscillations as linear. 

J. H. Westcott (who will be writing on the Congress 
in next month’s issue of CONTROL), delivered a paper 
(U.K., 16) in which he considered how a mathematical 
expression may be found for the interaction between. 
variables in a system of interacting quantities. The 
problem consists in finding the most appropriate values 
for the parameters of a model representing the physical 
connexion between input and output signals. He distin- 
guished two approaches; a least-squares fitting, and a 
more sophisticated technique based on the assumption 
that underlying statistical parameters govern the record 
and do not change. The second method was Westcott’s 
principal subject, and he gave a practical example of 
its use in application to an automatically controlled 
heat-exchanger. 

The automatic processes considered by M. J. Pélegrin 
(France, /7) consist of analogue and digital components. 
The coupling of these raises problems, first of stability 
and performance on sampled input—with or without 
feedback—and secondly of random-function manipula- 
tion in the presence of noise. Pélegrin said in his con- 
clusion that the difficulties in coupling digital and ana- 
logue components had been found in the encoding com- 
ponents and flow diagram rather than the computer 
itself. He gave some details of encoders. 

Automatic tracking systems are conventionally ana- 
lysed and optimized on assumptions of linearity and 
deterministic inputs, using a minimum mean square 
error criterion in the presence of noise. The limitations 
to this approach, as seen by J. P. Ruina and M. E. van 
Valkenburg (U.S.A., /8), are the small linear range of 
the error detector and the inappropriateness of the 
mean square criterion in many cases. The authors 
reported an analysis which partly overcomes these limi- 
tations by using the Fokker-Planck diffusion equation 
to find the probability distribution of the output and 
thence the probability of loss as a function of system 
parameters. 


Optimum systems 

It is often impossible to work out optimal control 
conditions experimentally or by numerical methods 
without a detailed theoretical examination. This has led 
to a need for a general mathematical theory, and 
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V. G. Boltyanskii ef al (U.S.S.R., 19) reported some 
investigations in this direction. In presenting their results 
they pointed out that these were partly overlapped by 
those of Bellman, Glicksberg and Grosse’. 

For the safe of mathematical simplicity, settling time 
has been taken as the criterion of performance in the 
optimization of relay control systems. A. T. Fuller 
(U.K., 20) delivered a paper in which he investigated 
the effect of adopting other criteria. His calculations 
were for some simple first- and second-order saturating 
and relay systems that minimize the general criterion 


ao 
M, = \ |E|‘dt where v = 0. The result justifies use 
° 


of the settling-time criterion for these systems, at least 
for step inputs. 


Self-adaptive systems 

Beginning with some criticism of the looseness with 
which the terms ‘self-optimizing’ and ‘adaptive’ are 
applied, J. E. Gibson (U.S.A., 2/) continued with a 
discussion of figures of merit and then proposed criteria 
for an ideal adaptive control. He also considered some 
of the problems with complex multi-dimensional adap- 
tive systems, and described a digital computer model 
for study of the controls he had referred to. 

*A cybernetic approach to the problem of bio-elec- 
tric control’, in a paper by A. F. Kobrinskii ef al 
(U.S.S.R., 22), was said to have ‘ given rise to new views 
on the control systems of living organisms’. According 
to the authors the actions of a living organism are 
specified by electric signals rather like those in an 
automatic system, and ‘therefore this method of control 
may be used with advantage in any machine coupled 
to a living organism’. 

Another contributor concerned with synthetic human- 
ity was R. Tomovic (Yugoslavia, 23), who thought that 
the state of the science of automatic control shows 
some weaknesses, and that systematic classification of 
feedback systems according to logical structure is 
becoming increasingly important. ‘No mere technological 
improvements, no matter how great they may be, will 
satisfy the need for greater flexibility. Tomovic des- 
cribed an electromechanical feedback system reproduc- 
ing some of the functions of the human hand, and 
differing in certain respects from conventional servo- 
mechanisms. 

A. M. Andrew (U.K., 24) indicated in his paper that 
the principles of simpler self-optimizing machines— 
those that adjust parameters in accordance with com- 
puted statistical quantities—can be extended to compre- 
hend some of the behaviour of more complex machines. 
He described a study of a parameter-adjusting self- 
optimizing controller, and the digital-computer work 
proceeding from it. 

An experimental control system with continuous auto- 
matic optimization was the subject of a paper by W. K. 
Taylor (U.K., 25) (who is the author of an article on 


s of the mathematical theory of control processes’, U.S. Air 


1* Some aspect 
Force Project RAND, Rand Corp., Calif., 1958. 
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character recognition in this issue of CONTROL). His 
methods avoids the restrictions inherent in the usual 
theoretical optimization procedures. In the experimental 
system (a position controller) the filtered modulus of 
error is minimized continuously with respect to a velo- 
city feedback parameter. This is done by a low-power 
parameter-controller which adjusts the amount of velo- 
city feedback in the main control system until optima- 
lity is reached. 


Applications 

SILICON GRAPHITE RESISTORS can be used to simplify 
circuitry in automatic devices, and they also have to 
commend them long endurance, ruggedness, resistive to 
both high temperature and overload, and economy. 
Chin Lan (China, 26) reported work on the development 
of manufacturing techniques for such resistors. He dis- 
cussed the design of non-linear resistors to generate 
functions like sine, cosine, etc. Similar types of resistor 
described in existing literature. according to Chin Lan, 
do not have the same advantages of simplfying circuitry, 
wide parameter-variation (— 7 to + 7), accuracy and 
stability. He described the method of production, gave 
examples of circuit analysis and synthesis, and quoted 
experimental results. 

‘Hand assembly of WIRE-SPOKED BICYCLE WHEELS is 
slow and monotonous, said A. V. Hemingway and 
R. L. Dressler (U.K., 27), ‘and final adjustment of the 
forty screws (nipples) retaining the spokes in the rim 
requires special skill. Automatic tightening machines 
without feedback are only satisfactory if the components 
are all perfect, so the loop must be closed to cope with 
normal production tolerances. The forty interdependent 
servo-mechanisms have to control the shape and posi- 
tion of the rim in two planes, as well as confining the 
spoke tension within specified limits. Because of the 
complication of the system no attempt has been made 
to deal with it mathematically, and development has 
been empirical. In the actual machine the wheel is 
held horizontally at the hub, with the rim more or less 
free. A magnetic sensor on a radius-arm scans the rim 
continuously to detect distortion, and motor-spanners 
tighten the nipples. Continuous error signals are ampli- 
fied and distributed through a multi-way switch on the 
radius-arm to the motor groups. The motors are 
switched by relays, and capacitors store information 
during each rotation. The machine produces a wheel in 
about a minute, with rim errors in the region of 
+ 0°015 in. 

T. Hysing (Norway, 28) criticized slow’ progress in 
applying automatic methods to work in the SHIPYARDS. 
Reviewing present techniques he said that, after design, 
the actual cutting of ship-plates and the subsequent 
construction had seldom been automatically controlled. 
Introduction of automatic control in the shipyard calls 
for changes in the construction and drafting procedures. 
Numerical methods are promising with regard to data 
handling and design. Digital computers can be applied 
to design, and require numerical definition of the hull 
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shape. Hysing gave examples of routine calculations 
that are coming into use, and described possible com- 
puter design procedures. Some of these procedures, he 
said, had almost passed the experimental stage. He 
also described a numerical control system for a flame- 
cutter. The controller works purely digitally, and with 
a minimum of input data it can guide tool movement 
along straight or circular paths. One such system is 
already being used in a shipyard. 

A digital controller for the table feed of a MILLING 
MACHINE was described by F. Svoboda and M. Martinek 
(Czechoslovakia, 29). The device evaluates data for 
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control in one plane, together with auxiliary feed for 
the z axis for cutting along straight and circular paths. 
Punched cards carry the input data. The output is 
recorded on magnetic tape. 900 valves and 4700 ger- 
manium diodes are used in the computer, and an 
attempt is being made to produce more economical 
circuits. 

H. H. Rosenbrock et al (U.K., 30) showed how the 
equations governing mass-transfer in MULTI-COMPONENT 
DISTILLATION COLUMNS had been solved with a digital 
computer. The calculations were checked against experi- 
ment on an eight-plate column distilling a mixture of 
toluene, iso-octane and paraxylene, and the same degree 
of correspondence was found as had been discovered 
earlier for binary systems. 

In a paper on applications of digital computers to 
process control, J. G. Auricoste (France, 3/) illustrated 
the problems with a case study on a simplified scheme of 
LIQUID-BUTANE ISOMERIZATION with aluminium chloride 
as the catalyst. He indicated how variation in reactor 
kinetic constants can be allowed for in the computer 
by using stored measured values and calculating on the 
least-squares principle. Figures given by Auricoste for 
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an AMMONIA PLANT controlled by a digital computer 
indicated that such an installation would pay for the 
equipment in about a year. 

L. N. Bramley et al (U.K., 32) reviewed progress 
toward automation in the British STEEL INDUSTRY. The 
authors discussed some recent developments in continu- 
ous measurement and automatic control of dimensions 
and quality, and described these developments as essen- 
tial stepping stones to the ultimate computer-controlled 
automatic plant. W. E. Miller (U.S.A., 33) dealt with . 
the American steel industry in a similar way, and 
M. Fouassin (France, 34) dwelt more particularly on an 
automatic screw-down system for BLOOMING AND SLAB- 
BING MILLS. 

Three large control systems recently introduced in 
the British suGAR Corporation Ltd. were described by 
J. Campbell MacDonald and R. M. J. Withers (U.K., 
35). One is at a fully automatic plant providing milk 
of lime in controlled quantity and quality, starting from 
the raw materials. Another ascertains automatically 
the weight and sugar content of beet after cleaning. 
The third is at a sugar factory where all the processes 
are integrated by computers into a comprehensive 
system of multiple closed loops. The authors indicated 
both the technical and the economic advantages of 
these systems. 
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A detailed description of the measuring 


system, and an account of the prin- 








ciples used in the control equipment 


Continuous numerical control 


by P. 


In Part 1 last month we gave a broad outline of the 
system, describing how the planning engineer originates 
the instructions for a particular machining operation, 
and how the data comprising these instructions are then 
processed at a service centre before being recorded on 
the magnetic tape used to control the machine tool. 


Construction and operation of Helixyn 


Control of position of machine tool movements can 
be no better than the measuring system used in the 
control sequence. Determination of position is most 
precise and free from lost motion if relative movement 
is detected directly, without the intervention of lead- 
screws or rack-and-pinion drives. A direct electrical 
measurement of position does not deteriorate during 
service or from the effect of machining forces on the 
drives; but it does rely on the excellence of the machine 
slides, and one cannot expect the best results from a 
machine which is inferior in this respect. 

The Helixyn is a form of electrical measuring bar in 
which one part is fixed to the moving member of the 
machine and the other part mounted on the fixed 
member against which relative position is to be deter- 
mined. The standard of length is the Helixyn bar, the 
basis of which is a steel tube which governs dimensional 
stability and which matches the machine in thermal 
expansion. Intimately bonded to the steel tube is a 
sleeve of Fibreglass, on the surface of which is laid a 
system of three interlaced helical conductors (like a 
three-start thread). The Helixyn sleeve is mounted 
coaxially with the bar and moves along its length in 
accordance with the movement of the machine member 
to which it is fixed. There is a clearance of about 
0-030 in. between bar and sleeve, although exact con- 
centricity is not required. The basis of the sleeve is an 
insulating tube, inside which is laid a system of four 
interlaced helical conductors (like a four-start thread). 


Ss. T. BUCKERFIELD, A.M.1.E.E. 
Associated Electrical Industries Ltd. 


of machine tools 


Second part of an article describing the A.E.I. system 











The pattern of helices on both bar and sleeve repeats 
itself every 0-1024 in., so this is the lead or cycle length 
of the system. 

The four conductors in the sleeve are connected as 
interlaced pairs, each pair being supplied by ‘ push-pull’ 
voltage pulses with controlled amplitudes. The ratio of 
the amplitudes of the two pulses is controlled precisely 
to a value which corresponds to the tangent of an angle 
representing the numerical position-control data, the 
maximum value of the tangent being restricted to tan 
(x/4). Thus one voltage pulse may be said to be a ‘ sine’ 
signal and the other a ‘cosine’ signal. The absolute 
value of these need not be controlled to a high degree 
of accuracy, their ratio being the quantity which deter- 
mines the accuracy of the device. 

The voltages applied to the sleeve conductors set up 
an electric field along the internal surface in the direc- 
tion of the axis. At a sufficient distance from the sur- 
face the field is distributed sinusoidally. Thus there are 
two maxima and two zeros per cycle of 0°1024 in. along 
the sleeve. 

The position of the electric field is determined by 
the ratio of the sine and cosine voltages. This ratio 
is derived from the numerical control data in a man- 
ner to be described, and if these data vary, the position 
of the field moves accordingly. 

The bar is used as a probe or pick-off element to 
detect the position of the electric field, making use of 
the capacitive coupling between bar and sleeve. Two 
of the bar conductors are connected to a transformer 
which operates on the difference between the voltages 
induced on them. Fig. | is a section of part of a Helixyn 
assembly showing the cut ends of the helical conductors. 
If the sleeve drive transformers 7, and 7. are con- 
nected as shown, the misalignment transformer 7, will 
have zero signal across it when the sine channel has 
zero signal and the bar is in the position shown. This 
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position therefore corresponds to the ‘angular’ zero 
of the system, which is made also the numerical zero. 
Other positions will correspond to other combinations 
of voltage in the sine and cosine channels; for example, 
if the sine channel is energized to its maximum and the 
cosine channel has zero voltage, the null position is 
found ‘90°’ away, in terms of the cycle, or an axial 
distance of 0:0256 in. away from the zero position. 

Any deviation of the bar from the null position gives 
rise to a voltage output which, after amplification and 
demodulation, is used to control the servo-mechanism 
driving the machine motion. The servo-mechanism 
tends to nullify the error signal and so drives the mov- 
ing element to the position demanded by the control 
information. If this information is changing, the elec- 
tric field inside the sleeve moves axially and the servo- 
mechanism follows this movement. 

The length of the sleeve is such as to embrace about 
forty cycles of the basic helix; consequently the average 
position of forty turns is detected, and the error in 
position of individual turns has a correspondingly 
reduced effect. 

Because of the helical form of the Helixyn con- 
ductors, rotation of either bar or sleeve gives the effect 
of axial movement, so that any such movement is 
superimposed on the machine displacement. Preset con- 
trol of bar-rotation provides accurate datum-setting and 
allows the control system on each axis to be aligned 
with a particular machine position. This manual con- 
trol is used together with a misalignment meter to find 
the Helixyn null corresponding to a numerical input of 
zero. This input is obtained without running the mag- 
netic tape by switching to a special datum-set mode of 
running. . 

Rotation of the sleeve over a limited angle is con- 
trolled by an adjustable-strip cam which extends along 
the length of traverse. The height of the cam locally 
is adjusted on test by a number of screws, to take out 
cumulative errors due to the Helixyn bar, and also 
any consistent errors in the machine slide-ways. 

Although it is normally covered in service, the Helixyn 
is rugged and does not require extreme protection. 


Control signals from numerical data 


The signals controlling the Helixyn are in analogue 
form, and it is necessary to derive these signals from 
the numerical data on the magnetic tape, following cer- 
tain digital operations to be described later. 

The numerical data on the magnetic tape are used to 
define the three components of required position of the 
machine within the 0:1024-in. cycle of each Helixyn. 
The choice of this exact cycle length is governed by 

(a) the binary form of the data, 

(b) the choice of 0-0001 in, as the basic unit of length, 

(c) the need for cyclic repetition of the binary number so 
that there is numerical continuity from cycle to cycle, and 
considerations (discussed in Part 1) concerning the 
optimal synthesis of digital with analogue representation 
leading to a cycle of about 0-1 in. as appropriate for an 
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Fig. 1 Part-section 
of Helixyn, showing 
mode of operation 


Misalignment 
signal 


intended accuracy in the order of 0-0001 in. 1024 or 21° 
is a convenient number of basic units, giving a cycle’ 
length of 0-1024 in. 


The cycle is divided into 1024 steps in two stages: 
first into eight similar parts (‘octants’) simply by switch- 
ing to invert or interchange the voltage sources con- 
nected to the sine or cosine windings of the Helixyn; 
and each octant into 128 further equal parts by means 
of a switched resistive network. The whole of this high- 
speed switching is controlled by the binary position 
numbers derived from the tape data. 

The digital/analogue converter* is shown schematic- 
ally in Fig. 2. The resistive network is centred, basically, 
on a potentiometer P, the slider of which may be con- 
sidered to be positioned according to the numerical 
data, from the state where no voltage is developed 
across the sine channel transformer T, (corresponding 
to the zero position in the cycle, or 0°) to the state 
where the two transformer primaries are connected 
together (corresponding to one eighth of a cycle, or 
45°). By suitable proportioning of the network an 
extremely close approximation to a tangent law can 
be given to the ratio between the sine and cosine volt- 
ages. Since the octant is divided into only 128 parts, 
the generation of analogue voltages of sufficient accuracy 
is relatively simple. 

For the purpose of accepting digital control the 
potentiometer P is in reality a set of fixed resistors 
graded in value in a binary series in proportion to the 
series 2° to 2°. The network of fixed resistors is switched 
by seven high-speed relays controlled by the seven least 
significant digits of the position number, which for this 
purpose is in cyclic progressive (c.p.) form. The three 
most significant digits of the ten-digit number control 
the three interchange relays labelled 2°, 2° and 2° in 
Fig. 2. The ten relays therefore control the circuit to 
give 1024 states and to divide the cycle into 1024 equal 
parts. 

Numbers representing position in each co-ordinate 


Fig. 2 Schematic diagram of digital-analogue converter 





* British Patent Application 43391/59 
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Tracks !,2 and 3 are information tracks 
Track 4is parity track. 
Dedigit. Dgesign digit 


Work-piece 
surface 







Actual 
cutter 


Nominal 
cutter 


Swehpell; m=a multiplier depending on correction set in. 

Ae . P?+q? = constant 
are fed in at a constant frequency of about sixty num- 
bers per second at normal tape replay speed. Increments 
between successive numbers pertaining to any one axis 
are appropriate to the rate of movement demanded. At 
the higher speeds they may be many times the basic 
unit of 0-0001 in. 


Magnetic tape: layout of data 

The binary numbers corresponding to each of the 
X, Y and Z co-ordinates of position are repeated at a 
rate of about sixty a second, at the normal tape speed 
of 7:5in./s. This repetition represents a measure of 
redundancy which is very valuable in ensuring coinci- 
dence at all times between the tape demand and the 
machine position. Only the ten least significant binary 
digits of the much larger position number originally 
computed are retained in the information recorded on 
the tape. Thus absolute position is specified only within 
the 0°1024-in. synchronizing zone previously referred 
to, this absolute zone being adequate to ensure that 
synchronization between the machine servo-mechanism 
and the demanded position is maintained. 

The arrangement of the binary numbers on the mag- 
netic tape is shown in Fig. 3, which indicates also the 
significance of the terms used. The X and Y position 
numbers P, and P, specify the instantaneous co-ordin- 
ates of the cutter centre inside the 0-1024-in. zone, cal- 
culated for a specified nominal cutter radius. 

The p and q numbers are the components of a radius 
vector of constant length, which is at all times normal 
to the finished workpiece surface in the X-Y plane at 
the point of contact between this surface and the deve- 
loped circumference of a cylindrical cutter. These vector 
components are multiplied in the Controller by a signed 
number m which is determined by the cutter correction 
set in by the operator, and are then added algebraically 
to the position components to give the corrected posi- 
tion components. Thus the cutter path is continuously 
modified by the correction vector, by the amount neces- 
sary to offset the cutter error and so to cut a work- 
piece of the correct size. The same controls are also used 
for setting in initial roughing offsets, thus providing 
roughing cut and finishing cut from the same tape. 

Four tracks are recorded on the tape, three devoted 







90 


Fig. 3 Layout of information 
on magnetic tape 





to the numerical information and auxiliary switching 
instructions; the fourth provides a parity check, and, 
in conjunction with the other tracks, a source of timing 
pulses for controlling the computing circuits. 

The information tracks are not allocated to particular 
co-ordinates but are disposed as shown to pack infor- 
mation in time sequence in the order X-Y-Z. Each 
group of information is preceded by a distinguishing 
group-start signal. The X and Y groups each contain 
first the appropriate component of the cutter-radius 
correction vector, followed by the component of posi- 
tion. In the case of the Z group there is no correction 
component, its place on the tape being taken by the nine 
auxiliary instruction digits (marked ‘A.I.’) used for 
switching various machine functions. 


Data processing 
The Controller processes the data read from the mag- 

netic tape in the following stages: * 

(a) Each component of the cutter-radius correction vector is 
multiplied by a number corresponding to the desired 
value of correction set in by the operator, with the appro- 
priate sign. 

(b) The correction component obtained is added to the com- 
ponent of position read from the tape, the sum being 
the corrected component of cutter-centre position.f 


(c) The corrected position number is applied to a digital/ 
analogue converter, in which analogue-type Helixyn 
control-voltage pulses are generated. 


(d) The misalignment signals detected by the Helixyns are 
amplified and demodulated to obtain direct voltages for 
controlling the servo-mechanisms. 


(e) The auxiliary instruction (A.L.) digits are stored on tran- 
sistor circuits operating relays for switching auxiliary 
machine functions. 

By arranging that the X, Y and Z information is read 
rapidly in sequence it is possible to time-share the bulk 
of the circuits involved in data-processing, conversion 
and in misalignment amplification. In this way consider- 
able economy of equipment is achieved. Fig. 4 shows 
in block form the circuits concerned in these processes. 

The Helixyns must be capable of measuring position 
even when the machine is moving, and it is arranged 
that the position of each Helixyn is compared with the 
corresponding position number over a short period of 
time coincident with the instant in the data-cycle at which 
the latter is available. For this purpose the Helixyns are 
* interrogated ’ by the pulses derived from the digital/ 
analogue converter, the misalignment signal appropriate 
to the current data group being time-selected on the 
output distributor. This provides for storage of the three 
misalignment signals on three capacitors, thus supplying 
smoothed d.c. control voltages to the servo-mechanism. 

An important safeguard is provided by the parity 
check circuits, which monitor the parity of the four- 
digit characters as read across the tape. Except for the 


* British Patent Application 36022/59 
t British Patent Application 3/023 /59 
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group-start signals which are distinguished by even 
parity, the parity of all characters should be odd. If a 
digit is lost from a character, or if characters are lost 
from a group, disparity will be noted by the circuit. 
This is used in two ways: firstly, if a group is seen to 
be incorrect, the interrogation of the particular Helixyn 
concerned is inhibited; consequently the servo-mechan- 
ism is protected from disturbance and continues at the 
velocity demanded by the last correct group. Secondly, 
if several successive groups show disparity, the equip- 
ment is immediately shut down. 

A mis-reading of a duration sufficient to cause shut- 
down is likely to be very infrequent. It would be asso- 
ciated with a serious failure, such as complete breakage 
of tape. 


The Controller : 

The Controller is robustly constructed for machine- 
shop use and uses reliable ferrite-core and transistor 
circuits. Printed wiring on plug-in boards make for 
ease of servicing. No thermionic valves are used. 

The tape replay deck is mounted in a position which 
is sheltered from the direct fall of dust or swarf and 
from damage by slings or tools, etc. It is normally 


Magnetic 
tape 





correct starting and running, and there is a switch for 
halting the tape at the next planned optional-stop point. 


Performance required of servo-mechanisms 


In order to take full advantage of the form of con- 
trol incorporated in the system it is necessary to use 
servo-mechanisms having the highest performance, and 
machine construction with a minimum of friction and 
backlash. It is, however, important to note that an 
advantage of the system is that existing machines of 
lower performance may be used with this equipment, 
provided that limitations on feed rate and acceleration 
are recognized at the planning stage. 


The computer 


Although, as described in Part 1, the data inserted in 
the planning sheet consist of a relatively small number of 
co-ordinates and other numbers, the control information 
required by the machine tool must be in the detail 
necessary to determine machine position continuously. It 
is the filling-in of this detail, together with the genera- 
tion of curves and the calculation of current feed-rate 
and acceleration, that requires the use of a digital com- 


Hand-set 
cutter-radiur 
correction 
Correction L 
component 


‘ 
Ta 


Fig. 4 Schematic diagram of controller 


[Register sd}: Sar—, 
Po _ stores.. J Sine 
D/A converter} ST. 


Position 
component 


X,Y and Z 














X-Helixyn misalignments 
“Amplifier/ | = Output x oe 
demodulator distributor mechanisms 


Sat Mp 


Sleeve 
ai Interrogator or: 
AL pulse 
switched : 
outputs Yt} Mechanical érive via machine 
enclosed when running. Any size of reel up to 104 in. ToYandZ — 
Helixyns 


in diameter may be used, giving a maximum duration of 
one hour with tape of normal thickness. Any number 
of reels may be used for jobs requiring a longer time to 
complete. Reels are changed at a planned stop, and 
there is no undue interruption of the program. 

Respooling controls and a footage indicator are pro- 
vided on the tape deck, so that any stop point can be 
selected. Thus a program may be interrupted or taken 
up again at any of the planned stops. 

Other controls include a coarse- and a fine-setting 
dial for cutter-diameter correction and for roughing 
settings, and used with these is a two-times and four- 
times multiplier and a direction switch, allowing both 
positive and negative corrections to be applied. A 
“mirror ’ switch allows reversal of motion in the direc- 
tion of any one axis, and there is a datum-set switch 
so that the Helixyns can be interrogated without run- 
ning tape for initial alignment. Finally, lamps indicate 
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puter during the preparation of the magnetic tape. The 
computer used is the A.E.I. Director, a special-purpose 
machine provided with paper-tape input and magnetic- 
tape output facilities. It records data at four times the 
normal replay speed. 

The computer operates on straight lines or arcs of 
given radius, these constituting what are termed * pro- 
gram steps’. With two steps held in store at any one 
time, the feed rate and acceleration calculated for the 
current step is influenced by the nature of the next 
step ahead. The computer thus anticipates the need 
to reduce feed-rate before a reduction of radius is 
encountered, thereby calculating an optimized feed 
rate along the cutter path at all times. Geometric func- 
tions are broken down in planning to the number of 
circular arcs necessary for the accuracy required. 

End 
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Control appliances are being used 
to develop continuous processing 
in the modern laundry industry 


Control 


in laundries 








Fig. 1 Time-operated automatic device 
for controlling whole washing process 


by V. N. AUDIGIER, s.sc.(ENG.) 


LAUNDRIES HAVE TO ACCEPT A VARIETY OF ARTICLES, 
each of a different size, colour, material or shape, and 
only a limited number of these articles belong to any 
one specific customer. It is the duty of the laundry to 
handle this work, to sort it carefully, to launder it, and 
to return it perfectly clean, fresh and new-looking to the 
customer from whom it was received. Practically no 
other industry has to handle such ap enormous variety 
of different articles, and control and automation have 
been applied extensively to handle them. Flow lines in 
manufacturing industries can be developed fairly easily, 
but in laundries it is impossible to unite the various 
processes in one harmonious whole. Each stage must be 
undertaken separately. As a result, labour costs repre- 
sent a very high proportion of total costs. 

In manufacturing industries control is generally in- 
troduced to ensure uniformity of product, to reduce 
rejections, and probably also to economize in the use 
of raw materials, but in a service industry, particularly 
in the laundry industry, the main cost is labour, so that 
control, if it is to be effective, must reduce labour costs. 
Considerable human skill is necessary, and to a limited 
extent these human skills can be replaced by automatic 
controls, but the most effective use of control devices 
is undoubtedly in the handling of factors not specific 
to the laundry industry. 


Water control 

The single material most used is, rather naturally, 
water, and anything up to six tons of water was com- 
monly necessary in the older plants to process each 
hundred pounds’ weight of laundry. In most laundries 
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all this water had to be softened before it could be 
used effectively. The presence of relatively little hard- 
ness in the water can cause deterioration in the quality 
of the finished product and increase detergent costs. 
Base exchange softeners are frequently used. In the past 
these had to be regenerated by hand, a fairly involved 
task that occupied about an hour of the operator’s time. 
Now special automatic devices are available which will 
ensure that as soon as hard water is produced from the 
softener the softener can be regenerated completely 
automatically. This involves the introduction of a given 
quantity of saturated brine to the softener, and the 
washing out of the brine as well as the reintroduction 
of the softened water to the mains as soon as the 
softener has been regenerated. 

Many laundries have to use water the hardness of 
which may vary from hour to hour or from day to 
day, and generally the softener is regenerated by hand 
after a metered quantity of water has been treated. If 
the raw water is softer than usual, brine is wasted, but 
if the raw water is harder than usual then some hard 
water will pass through to the storage tank, and affect 
the final product. Application of fully automatic control 
ensures that labour is used to the full, and that soft 
water is always available irrespective of the hardness of 
the incoming raw water. 

Conservation of water has become of considerable 
importance in industry, and several forms of both 
simple and complex water-control devices have been 
adopted to ensure that water is used economically in 
laundries. The simplest form consists of a float-operated 
valve which can be preset to shut off when a particular 
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level of water has been reached in the washing machine. 
Since each complete process may need as many as six 
different water levels, the float control must be quickly 
adjustable to give any particular ‘dip’ (depth of water 
in the washing machine). From the simplest manually 
operated float control have been developed a variety 
of more complex automatic controls of water level 
(Fig. 1). These may rely on a time-operated valve 
mechanism or on electrodes immersed in a chamber in 
such a manner that the liquid rising to the correct level 
will make contact with the appropriate electrode and 
close the valve. 

The introduction of automatic water control to the 
laundry industry eliminated waste so that the efficient 
laundry may now reduce its water consumption from 
six tons to 14 tons per 1001b of laundry processed. 
Almost two-thirds of the water used in a washing pro- 
cess actually rinses the fabrics after washing is com- 
plete, and towards the end of rinsing the water run to 
waste is practically clean cold water. A very simple 
form of water recovery plant was described by the 
British Launderers’ Research Association some 25 years 
ago, but relatively few laundries showed interest owing 
to the low cost of water in those days. Now the prob- 
lem of water recovery has been reconsidered in the 
light of the high cost of water, and in the light of the 
need for industry generally to conserve water. As a 





Fig. 2 Sequence-operated washing 
machine with automatic re-use of 
water and recovery of heat 


result a British washing-machine manufacturer, in con- 
junction with the British Launderers’ Research Asso- 
ciation, has designed a new unit. In this the hot wash 
liquors are passed to drain through a heat recovery 
plant, and the rinse liquors are passed through the 
heat recovery unit (Fig. 2). The clean rinse liquors are 
returned to a storage tank so that they may be re-used 
in subsequent washes. Several of these units are in use, 
and water consumption for these special machines has 
been reduced to little more than } tons of water per 
100 Ib of work processed. In no more than two decades 
the savings in water alone for a relatively small laundry 
processing about fifteen tons of work a week amount to 
180 tons per week. This represents a cash saving of 
£200-£250 per annum. 


Combustion of fuel 

One of the most expensive raw materials used in the 
laundry industry is fuel. Twenty years ago a ton of laun- 
dry work could be processed with a ton of coal in an 
eficient laundry, but most laundries were content to use 







CONTROL July 1960 


Lt 
-loa 


29 


iam 






up to 14 tons of fuel per ton of work processed. Now it 
is quite unnecessary to use more than half a ton of solid 
fuel or about } ton of oil per ton of work processed. 
Combustion control has played its part in reducing fuel 
consumption, but new processes and new methods in- 
troduced into the industry by its Research Association 
have played the largest part by reducing the need for 
steam in the various departments. 

During day-time operation of the boiler, full use 
should be made of the various combustion control 
devices now available. The small laundry cannot afford 
to install expensive plant, but even the smallest can 
afford some simple type of CO, indicator and flue-gas- 
temperature indicator. By means of these two instru- 
ments it is usually possible for a relatively good stoker 
to maintain good combustion efficiency and to obtain 
the best from his boiler plant. 

The Clean Air Act requires that black smoke shall 
not issue from laundry boiler chimneys, and here again 
the various forms of smoke measuring devices can play 
their part. It is simple enough to prevent the emission 
of black smoke by admitting too much primary or 
secondary air to the boiler, but this is expensive in fuel 
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and should not be tolerated under any circumstances. 
The use of a smoke indicator in conjunction with the 
CO, recorder and the flue gas temperature thermometer 
will ensure that maximum efficiency is obtained from 
the boiler and minimum smoke emission is guaranteed. 

Laundries are frequently situated in remote areas, 
where coal costs are high due to high transport charges, 
and the advantages of oil firing may be very consider- 
able in these cases. For this reason new oil-fired boilers 
or conversions from coal to oil firing are quite popular 
in the laundry industry. Here again the choice of the 
right form of equipment is very important. Steam loads 
on the laundry boiler are extremely variable, and peak 
loads frequently vary by 50% on either side of the 
average load. Thus we have in the laundry industry a 
3:1 ratio in steam demand, and when choosing oil 
firing equipment it is essential that the efficiency of 
combustion shall remain high despite this widely fluc- 
tuating load. For maximum efficiency it is wise to 
choose a burner which is fully modulated and can cope 
with these changes in steam demand, maintaining high 
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Fig. 3 A device is fitted to this machine for semi-automatic 
feeding of sheets to the ironer 


boiler efficiency at all times. Almost as good results can 
be obtained with a high-low, on-off burner, and the cost 
of these burners is generally less than that of a fully 
modulated burner. The least effective burner for this 
industry is the on-off, fully automatic type of burner. 
In this case the high flame when the burner is on must 
be capable of producing the maximum demand, and 
since the average demand will be at least one-third less 
than the maximum demand, the flame will be turned 
off for more than half the total steam time. Frequent 
relighting of the flame causes frequent waste of fuel 
and may cause trouble with smuts and grit emission 
from the chimney. 

One of the advantages of using oil firing on these 
small laundry boilers is that the amount of labour spent 
in maintaining the boiler will be very considerably 
reduced. It is frequently possible to put the boiler in 
the care of a man who operates only part of the time 
in the boiler house and spends most of his time in other 
duties. This involves the use of automatic boiler-water- 
level controls. The boiler feed pump must maintain 
water in the boiler irrespective of whether the man is 
there, and the use of suitable controls removes the 
necessity for manual control of an ordinary feed pump. 


Folding machines 

Every laundry receives a fairly high proportion of 
flat work such as sheets, rubbers, table linen, pillow 
slips and so on, and all these articles are passed through 
a steam-heated calender for drying and smoothing. The 
articles pass through the machine at speeds varying 
from 30 ft/min to 100 ft/min. At the lower speed it is 
practical for two operators to receive the dry, smooth 
work as it leaves the machine, and to fold it as rapidly 
as the work can come from the machine. As machine 
speeds increase up to a maximum of 100 ft/min it 
becomes impossible for two operators to fold large 
articles as quickly as the machine can deliver them. As 
a result, different forms of folding machines have been 
designed which can fold articles completely or partly. 

The various folding devices can be catalogued in 
several ways. The simplest system to understand may 
be described as the pick-up type. In this type, the lead- 
ing edge of the article leaving the machine is picked 
up and the remainder of the article flows underneath 
the leading edge until the trailing edge becomes level 
with the leading edge. At this moment the leading edge 
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is dropped on to the trailing edge, forming the first 
fold. A second pick-up-and-drop mechanism permits a 
second fold to be placed in the article. The pick-up 
mechanism may be operated by cylinders or a solenoid. 

As an alternative method, blade folding has proved 
very satisfactory. For blade folding to be effective the 
actual length of each piece must be measured auto- 
matically, and the device must then calculate the time 
required for the centre line to reach the fold point and 
operate the blade at the appropriate moment. 

The measuring device varies from one manufacturer 
to another, and both mechanical and electrical types 
are used. The device records the time taken for the 
article to pass a fixed point, and the machines are 
arranged so that either the article is clear of the ironer 
—and thus moving at folder speed when the measure- 
ment takes place—or that the measuring device is 
adjusted for different ironer speeds. When using pick-up 
folders it is usually possible to get folds accurate to 
within + }in., whereas with blade folders it is difficult 
to improve on + 3 in. 

Several other folding devices have been designed but 
the general idea is similar in all cases. The folding device 
can only produce a really satisfactory article if the work 
itself is fed neatly into the machine in the first place. 
This requires very considerable skill on the part of 
the feeding operators if the machine is running really 
fast. Only one device is in common use in the laundry 
industry for aiding in the correct feeding of work 
(Fig. 3). This device does not save labour, but does 
ensure that work is fed straight and true into the ironer. 


The future 

It has always been the dream of the laundry industry 
to install a machine which will take work direct from 
the bundles as they are opened, wash the articles, dry 
them, iron them and fold them so that they are ready 
for return to the customer. This ideal has never yet 
been achieved, but the British Launderers’ Research 
Association is now working on the design of a continuous 
flow machine. A small prototype of this machine was 
exhibited at the 1958 Laundry Exhibition. In this design 
a continuous roll of towelling was fed into the machine, 
washed in a series of troughs, rinsed in another series 
of troughs, then ironed between rollers, and, dried by 
infra-red heating, was finally ejected from the machine. 
In its completed form the machine will be automatically 
controlled. Detergent additions will be made as and 
when required and will be varied to suit the degree of 
soiling of the work. Drying temperatures and drying 
pressures will be suited to the particular thickness of 
fabric being finished. In this way the machine will be 
able to operate economically, ejecting clean, dry and 
folded pieces in the same order in which they went 
into the machine. This will permit continuous packaging 
to be brought into the machine so that a single unit will 
process the whole of each customer’s work individually. 
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In principle, a big-enough machine 
will recognize any set of characters. 
The p.a.r.m. offers to do_ this 
job efficiently and economically 


A parallel analogue reading machine 


by W. K. TAYLOR, M.SC., PH.D., A.M.I.E.E. 


University College, London 


A RECENT SURVEY OF AUTOMATIC CHARACTER-RECCGNITION 
systems (/) compared the advantages and disadvantages 
of existing machines, and seemed to indicate that prac- 
tically any set of characters could (in principle) be 
recognized, by a wide variety of methods, if the 
machines were made sufficiently large. The difficulties 
thus appear to lie in the direction of finding methods 
that utilize equipment efficiently in the sense that the 
cost per recognizable character is minimized. This re- 
duction of cost becomes particularly important when 
the machine is required for reading handprinted charac- 
ters on letters and official forms etc., since each 
character may appear in a large number of significantly 
different styles and distortions. A precise method of 
determining whether or not any two samples are signi- 
ficantly different will be given later. It is quite impos- 
sible to specify all possible variations of handwritten 
block capitals, and the best we can do is to take as 
large a sample as possible. Samples can be taken from 
documents that are sorted manually at present, and 
this article will show how relevant information about 
the samples could be extracted automatically and trans- 
ferred to a parallel analogue reading machine (p.a.r.m.). 
This machine would take over the sorting operation 
when sufficient information to give the required accuracy 
had been transferred to it. The method could be said 
to be one of forcing the p.a.r.m. to recognize a large 
number of samples, and would have little advantage 
over other methods of pattern recognition were it 
not for the fact that the sample store is small, inexpen- 
sive and flexible. It can easily be changed completely 
in a few minutes or increased in size to accommodate 
new characters. The machine does not require samples 
of all possible variations of each character, since it 
automatically interpolates between significantly differ- 
ent samples. Only one sample is required for each type- 
written or machine-printed character, if the alignment 
and paper feed are accurate, but, if this is not possible, 
samples of shifted or tilted characters are required. 
Each sample stored in the p.a.r.m. is represented 
physically by a resistor network; this is analogous to 
a template against which future samples may be com- 
pared. The best match is selected, providing it passes 
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a minimum test, and any new characters that are not 
represented in the machine templates are rejected. 
The small model of the p.a.r.m. which was demon- 
strated at N.P.L. (2) only contained the four resistor 
networks required to read the typewritten capitals 
ABCD (Fig. 1), but it was found that the machine 
would also read the handprinted characters on the right, 
which have the same general form. The present article 
is largely concerned with methods of extending the capa- 
city of the p.a.r.m. so that it will handle the thousands 
of samples required for the recognition of handprinted 
characters as they appear on letters etc. The small 
model contains all the essential features, but has cer- 
tain practical limitations which will now be considered. 


ABCD 
Fig. 1 


ABCD 


The parallel nature of the p.a.r.m. requires that all 
input signals obtained from the characters should exist 
simultaneously. This result can be achieved by project- 
ing an image of the character on to a matrix of photo- 
multipliers (3), or by scanning the character and storing 
the signals, as they are obtained, in a set of capacitors. 
The latter method has been employed in the past for 
reasons of economy, but the photomultipliers give a 
higher signal/noise ratio and would be preferred for the 
very high reading speeds that the p.a.r.m. permits. A 
mechanical scanning device that gave the results re- 
ferred to above is shown in Fig. 2, and consists of a 
lens, scanning drum, photomultiplier and commutator. 
The drum contains nine holes, and the commutator 81 
segments, which connect the photomultiplier output 
sequentially to a matrix of 81 capacitors. After one 
revolution of the drum the capacitors are charged to 
voltages that correspond to the light received from ele- 
ments of the character. The set of 81 voltages thus 
exist simultaneously when the character has been 
scanned for 1/50 second. If a matrix of photomulti- 
pliers is employed, all the voltages are available after 
a much shorter interval, determined by stray capaci- 
tance. This is therefore the preferred method of obtain- 
ing input signals, and an extension of the matrix size 
to 10 X 10 is also desirable since it allows an extra 
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Fig. 2 Mechanical scanner 


row for alignment control. A section of a 10 X 10 
photomultiplier matrix is shown in Fig. 3. 

Four resistor networks, that represent the templates 
for the four letters in Fig: 1, are shown in Fig. 4 con- 
nected to 81 busbars which are supplied by the input 
signals. This method of construction would obviously 
be too bulky and expensive if extended to the thousands 
of resistor networks required for reading handprinted 
characters. If, for example, there are only a hundred 
significantly different variations of each letter in the 
alphabet, we require 2600 resistor networks each con- 
taining approximately thirty resistors. These difficulties 
can be overcome by printing the resistor networks on 
thin insulating cards, more than a hundred of which 
can be stacked to the inch. This form of construction is 
illustrated in Fig. 5. 


Basic circuits of the p.a.r.m. 


The schematic circuit of the p.a.r.m. given in Fig. 5 
has been simplified by the omission of repeated ele- 
ments, but the basic circuit structure remains. Magnified 
images of the characters to be recognized are projected 
by the lens (upper left) on to the 10 X 10 matrix of 
photomultipliers. If, as in the first model, a scanning 
system and storage capacitor matrix were used in place 
of the photomultipliers, the remainder of the machine 
would still function in the same manner. Each photo- 
multiplier drives a cathode follower which supplies a 
positive signal, proportional to the amount of black 
or grey character image falling on its end-window 
photocathode, to the corresponding vertical busbar. 
Each of the hundred busbars supplies a voltage signal, 
Xi—Xi00, to a column of printed resistor cards which is 
divided into plug-in stack units, one stack for each 
character. In Fig. 5 the top stack in the column is the 
A stack, the second is the B stack etc., up to the Z 
stack which may be followed by numerals and special 
signs etc. Only the A stack will be considered, since it 
resembles the others, the difference being in the loca- 
tions of holes in the cards. All the cards are initially 
identical, and have a hundred equal printed resistors 
for connecting with the busbars. The desired combina- 
tions or sets of resistors are formed by eliminating 
resistors Outside the set by means of punched holes that 
make them open-circuit. Each single card in the A 
stack corresponds to all possible samples of the letter 
A which are not significantly different from one another, 
significance being determined precisely by the test to 
be described. Samples which are significantly different 
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are represented by different cards, so that the num- 
ber of cards in the stack is equal to the number of 
significantly different A samples that the p.a.r.m. is 
required to classify as A. The cards form the basis of 
comparison circuits, which compare incoming characters 
with stored samples or templates. Each card is capable 
of producing a voltage proportional to the goodness of 
the match between the character presented to the lens 
and the sample represented by the card. The resistors 
that have not been made open-circuit by the punch serve 
as input resistors to the summing amplifier 7, through 
a diode, and are only effective when the diode conducts. 
We shall assume that one diode connected to the ‘ best- 
match card’ in the stack is conducting. All the resistors 
on the character cards are of equal value, but the feed- 
back card resistors have values specially chosen so that 
the A amplifier output, denoted by y, in Fig. 5, is given 
by the expression: 


sum of selected set of x signals — half the sum of all x signals 
0 _ ~ oe, 





number of x signals in the selected set 


which has the property that it can be made a maximum 
for any given sample character by an appropriate selec- 
tion of the set. A simple procedure for finding the 
required set is as follows. The x signals produced when 
the sample character is before the lens are first arranged 
in descending order of magnitude and the sum of the 
first m is used to evaluate y. In general it is found that 
y is initially small for small values of m, and that it 
becomes larger and reaches a maximum when #m is in 
the range of twenty to thirty. The values of m for the 
first four letters of the typewritten alphabet (Fig. 1) 
were found to be 24, 24, 25 and 26 respectively, and 
correspond to the number of resistors in the rows of 
Fig. 4. When the required set of x signals has been deter- 
mined, the best-match card is formed by punching 
holes through the resistors that are not in the set. 

The circuits so far described ensure that the largest 
y signal produced by any sample of a character will 
appear at the output of the amplifier / that is supplied 
by the best-match card. Signals of lower amplitude 
appear at the remaining amplifier outputs, and for 
unambiguous indication it is necessary to isolate the 
best-match signal. The set of amplifiers 2, together with 
their two common-feedback-path amplifiers, achieve 
this result; this part of the circuit is thus labelled ‘ best- 
match selector’ in Fig. 5. In this unit all resistors are 
again of equal value, and the operation can be ex- 
plained by assuming that it functions perfectly by 
allowing the largest input y,, to appear, reversed in 
sign, at the output of the amplifier 2 which receives 
it. Since the two common-feedback-path amplifiers have 
unit gain and no overall sign change, the signal Ym 
is fed back in the negative sense to all the A2 inputs. 
Only the amplifier receiving y,, behaves as a unit-gain 
amplifier, the remainder receive resultant positive inputs 
which would give negative outputs if the latter were not 
suppressed by the output-clipping diodes. Thus the only 
non-zero Output is ym, aS assumed initially. 
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When the single positive voltage ym, appearing at 
one of the A2 outputs, exceeds a critical value, it 
triggers a cathode-coupled bistable multivibrator, the 
pulse output of which indicates the classification of the 
input character and operates sorting or recording equip- 
ment etc. When the p.a.r.m. was demonstrated at the 
N.P.L. the output pulses switched on tape recordings 
of the spoken characters as they passed under the input 
lens, and with this form of output a larger-scale p.a.r.m. 
would be a useful reading device for the blind. 


Automatic card preparation 

The card-preparation procedure outlined above can 
be made fully automatic by means of the system shown 
inside the dashed lines in Fig. 5. A human operator 
depresses the manual-keyboard keys that represent the 
character classifications, as in a normal manually 
operated sorting system, except that the characters are 
at the same time detected by the p.a.r.m. input system. 
The x signals and their classification (A, B, C etc.) are 
recorded on a punched tape. For this purpose it is 
necessary to convert the analogue x signals into a binary 
code. The signal tape then contains all the information 
required for the determination of the hole positions and 
a simple computer programme will produce a punched 
control tape for controlling the card-punching machine. 
Each significantly different sample read by the human 
operator is stored in the form of a separate printed 
resistor card that enables the p.a.r.m. to read the same 
sample, and in addition the theoretically infinite number 
of samples that are not significantly different from it. 


Resolving power and accuracy 

It has been stated that the p.a.r.m. automatically 
interpolates between significantly different samples, and 
the simplest way to illustrate this property is to con- 
sider a single vertical stroke, which might be a sample 
of a handprinted /. If the stroke just covers a column 
of ten input-matrix elements, it can be shifted hori- 
zontally to occupy the ten significantly different posi- 
tions in which this occurs. Now, if we denote the ten 
x signals produced in the column by V volts, we find 
from equation | that the y signal is 


_ 10V—}10V _ 


y V 
1 - 4 
for each column when the / lies on it, but 
0—410V 
I == 0-431 =—=_ = 4V 
10 


when the / lies on another column. If, however, the 7 
is halfway between two columns of the matrix, their y 
signals are both 
104V — 4104V 
Ba meron 
10 
which is sufficient to trigger the output circuit if the 
threshold is well below }V. It is thus possible for ten 
cards to read a character that occupies any position on 
a horizontal line, and for a hundred cards to read any 
character in any position. 


= WV 
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Fig. 3 Portion of photomultiplier matrix 


A further property of the maximum y signal is that 
it remains constant at approximately 4V irrespective 
of the number of input elements that are made darker 
than the background to produce x signals of average 
amplitude V. Thus, in general, if m matrix elements 
are grey and 100—m are white, the maximum y signal is 


ao ae 


which is independent of m. The same trigger level can 
thus be used for simple and complex characters, and 
in particular for the two extremes of a full stop cover- 
ing only one element and a black square covering all 
the hundred elements. 

A useful criterion for any reading machine is its 
resolving power, which may be defined as the smallest 
difference between characters that can be reliably 
detected. This becomes of practical importance if we 
wish to detect whether or not a character is followed 
by a full stop. We can estimate the difference between 
the y signals for a character with and without a full 
stop by assuming that the two cards contain m and 
m + 1 resistors respectively, the extra resistor corres- 
ponding to the full stop. When the character appears 
without a full stop, the y signals are given approxi- 





mately by y(without) = 4V 
and 
y(with) = mV — 4mV ‘ —( m ) 
m+ 1 2\m+1 


The difference betwecn the maximum and the second 
largest signal is thus 


A == ( l 
: 2 es 


and if we assume typical values of m = 24 and V = 50 
volts we find that A y = 1 volt, which is more than 
adequate to ensure that only the y(without) signal 
passes through the best-match selector, the difference 
at which operation becomes unreliable being found in 
practice to be in the region of 0-1 volt. This means in 
general that any two characters that differ by at least 


Fig. 4 Busbars and resistor networks 
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one element can be resolved. All typewritten and 
printed characters, except certain punctuation marks, 
do in fact differ by more than one element, the closest 
pair being O and C which differ by approximately three 
elements. Ambiguities are likely to arise in the case of 
handprinted characters of poor quality where Cs may 
not be significantly different from Os. Errors of this 
type will not be serious when the possible sequences of 
characters are restricted, as they are in letter addresses. 
It is then possible to select the word that has most 
characters matching the sequence of p.a.r.m. outputs. 
In the case of code letters and numbers on official 
forms, cheques and receipts etc., there may not be any 
redundancy, and badly written characters that are 
ambiguous to the human operator will also be ambi- 
guous to the machine. If, however, the operator is 
confident of his guess, then it may be worth while pro- 
viding a card for the badly written character. 


/ oe nace 


Fig. 5 Schematic circuit of the p.a.r.m. 


| Common-feedback-path amplifiers 
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+ Best-match selector ————_> 





Universal input system 
Two limitations of the simple photomultiplier input 
system are small dynamic light-intensity range and 
fluctuation of the ‘ white’ level with paper colour and 
finish. A universal input system that handles a very 
wide range of intensities and backgrounds has been 
achieved by introducing negative feedback to the photo- 
multiplier dynodes, and in addition a circuit that forms 
the difference between each photomultiplier output and 
1/n of the sum of the n nearest photomultiplier outputs. 
For a rectangular matrix n is eight, but for the honey- 
comb structure shown in Fig. 3 there are only six ele- 
ments round any central element. In both cases any 
quality or colour of paper illuminated at any intensity 
gives zero output, since, if V is the output of each 
photomultiplier, we have the new signal Z given by 


Z=V~-@v) =0 
n 
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If a character is present this balance is disturbed, and 
outputs occur where the strokes of the character exist. 

The circuit that gives the above result may be regarded 
as a detail filter, since it allows the details of a character 
to pass and suppresses signals that contain no detail. 
A portion of the circuit is shown in Fig. 6 superimposed 
on dashed circles representing photomultiplier posi- 
tions. Only the six circuit elements surrounding any 
selected element are shown, for the pattern repeats 
throughout the matrix. At the central element there are 
a positive input signal x,, six negative input signals 
x, .. . Xs and a positive output signal z,. These are 
related by the equation 


Zo= 4[ Xo - (x, + Xe + X3 + X« + Xs Xe)] 


It is difficult to ensure that the paper is uniformly 
illuminated, and the detail filter not only eliminates 
areas of uniform intensity but also the signals from 
regions over which the intensity changes linearly with 
distance in any direction. This can be shown with refer- 
ence to Fig. 6 in which the line YY is considered to 
lie in the direction of zero gradient. For each photo- 
multiplier to the right of YY that receives more light 
than the central unit, there is one to the left of YY that 
receives the same amount less. As the average of all 
the three pairs is taken in forming zo it follows that 
z is still zero for uniform gradient. 

One remaining property of the circuit that deserves 
mention is that it can be arranged to give positive out- 
puts for light characters on a dark background. A read- 
ing machine that incorporates a detail filter is thus like 
the human recognition system in that it automatically 
handles both character-background —e with- 
out modification. 

The negative feedback to the dynodes shown in Fig. 7 
gives a logarithmic relationship between light flux F 
and voltage output V, so that the voltage due to the 
paper is 

V, = — log F +C 
Thus if F changes by — aF (a < 1) over any part of 
the field at which a character exists we have 


V. = — log (F — aF) +C 


In particular if (F — aF) is the flux from a single spot 
we have 


Z=V, — (1/n) (nV) = log{1/(1 — a)] 


which is independent of the background flux F. We 
can thus eliminate the signal components that arise 
from the paper alone, and obtain signals that only 
depend on the percentage difference in intensity be- 
tween character and paper. In the universal input sys- 
tem the Z signals replace the x signals supplied to the 
vertical busbars, but the remainder of p.a.r.m. remains 
the same. The principal features of p.a.r.m. that are 
considered to be desirable in a reading machine may be 
summarized as: low cost per character, flexibility, high 
speed, and good resolving power. The material cost 
per sample is approximately the cost of a single diode, 
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Fig. 6 Detail filter 


since the cost of a printed resistor card can be neglected 
by comparison. Flexibility can be improved by using 
plug-in stacks of cards, so that the same basic machine 
can be adapted to a wide range of pattern-recognition 
tasks which are not limited to characters but include 
all possible shapes. An example would be the automatic 
inspection of products in a factory. 

The practical limitations of speed are more likely to 
be in the paper-feeding system than in p.a.r.m. itself 
since the speed of indication is only limited by the 
band width of the circuits. Rise times of one micro- 


Fig. 7 Photomultiplier circuit 





O 
Input light volts 
flux F 


second should not be impossible with careful design. 
Finally, resolving power is limited by the number of 
input elements, but the experiments and calculations 
carried out so far indicate that a hundred elements are 
sufficient for reliable operation with the printed alpha- 
bet and numerals. A considerable amount of work will 
have to be done, however, before the average perform- 
ance with a large sample of handprinted characters can 
be determined. 
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Capital-starved researchers do not always 


use justified simplifications in their simulators. 
This article shows how to improve simulation 


with a 


Transfer-function manipulation 


limited number of function units 





may ease simulation 


by F. WALKER, B.Sc. 


ONE OF TODAY’S BIGGEST WORRIES FOR MANY ENGINEERS 
using servo-simulators is the limited amount of equip- 
ment at their disposal. Especially is this the lot of re- 
search workers and students in colleges and universities. 
Until the problem is remedied by allocating greater 
capital for computational aids, those so thwarted are 
driven to adopt simplifications which in many cases are 
not altogether justified. The results consequently may 
not give a true picture of system performance, leading 
to many erroneous deductions and assumptions regard- 
ing the dynamic behaviour of their system in particular, 
or even worse, of physical systems in general. This 
paper is devoted to the study of legitimate simplifica- 
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of the customary three or four. The only drawback 
with the type of network used at the input of the 
operational amplifier in Fig. 1 is the fact that the choice 
of time constants is restricted to some extent since they 
are in the ratio R,/(2R, + R.) as depicted in Fig. 2a. 
More freedom of choice is afforded by the network 
configuration of Fig. 2c, which is an elaboration of the 
network of Fig. 2b, the impedance function of which 
tends to the value quoted, provided R’ < R, 

Ri Ra Ri R R 

7 (a) fe (b) 

























tions, and the derivation of methods to reduce the num- lf 
ber of function units required in a servo-mechanism hi tie c c can | 
simulation. oo -o oe 
LowZ | | High Z obta 
cs (c) 2... at th 
SIMULATION OF A NUMBER OF SIMPLE LAGS BY ONE 

FUNCTION UNIT 1 ae 
The first type of simplification is the combining of : prefi 
three, or at the most four, simple lags as shown in R’ ting 
Fig. 1. Thus a single function unit may be used instead - 
R’ to b 
ing 

Fig. 2 Some computing networks and their corresponding 
sod transfer impedance functions, Z(p) T 
acre ne (a) Transfer impedance function, Z(p) = K(1 + pT:) (1+ mus 
c c = w pK;), K =2R:+R: Ti = [RiR2/(2R, + R:) JC, T,/T: = 

_ c R»/(2R, + R:), T = RC i.e. Ti < T: by 
(b) Z(p) = K(1 + pT), K=2R, T= CR/2 If tt 
4 L (c) Z(p) = K(1 + pT’) (1+ pT), if R’ < R; K=2R, T= . 

: : C’R’, T=CR/2 a. 
Se (d) Z(p) = K(1 + pT)/p?, K= 1/C2R, T= 2CR T 

Fig. 1 Simulation of four simple lags using only one opera- (e) Z(p) = K(1 + apT)/(1 + pT), K = 2RR'/(2R + R’), 
tional amplifier at = CR/2, @=(2R + R’)/2R > | wo 
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p The differential operator d/dzt. 

R Resistance (Q2) 

Cc Capacitance (F) 

I,r Time constant (s) 

Z(p) Complex short-circuit transfer impedance of net- 
work; (i.e. ratio of input voltage to short circuit 
Output current) (Q) 

K D.C. gain constant 

a Ratio of resistances 

a D.C. gain in forward path of loop 

B D.C. gain (or attenuation) in feedback path 

, Forcing (or feedback) factor at d.c. = (1 + gf) 
Real part of root (s~*) 


jw Complex part of root (s~) 

j (—1)1 

© Angular frequency (rad/s) 

f Frequency (c/s) 

Wo Resonance angular frequency = 2 qf, (i.e. angular 


frequency at which a quadratic factor contributes 
90° phase shift) 
@n Natural angular frequency = 2rf, (i.e. angular fre- 
quency of oscillatory step response = », V(l — £2) 
Damping coefficient (or factor) of quadratic factor 
(i.e. —1 X the ratio of the real part of the complex 
—~ 


vr 


root to wo; ¢ = ——) 
Wo 
¢ cos-1¢ (rad. or deg.) 
y Phase angle (rad. or deg.) 
€ Input voltage as a function of time (V) 
eo Output voltage as a function of time (V) 
The exponential = 2-+71828—— 
I Current (amps) 
n Gear ratio (motor shaft to load shaft) 
Ju Motor rotor inertia referred to load shaft (i.e. actual 
inertia X n2) (Ib ft s2) 
J, Actual lumped load inertia (Ib ft s2) 
J, Jy Total lumped system inertia = Jy +4,) db ft s2) 
Ju Half the harmonic mean of motor rotor and load 
FP 
inertias = cette (Ib ft s2) _ 
Jy + J) 
K, Motor torque constant referred to load shaft (i.e. 


actual value < n) (Ib ft/A) 


If T’ is reserved for the smallest time constant, R’ 
can be made small without C’ having to be made ex- 
cessively large, but if it is possible greater accuracy is 
obtained by making 7’ the largest time constant, and 
at the same time keeping R’ small. If this arrangement 
is used at the input of an operational amplifier, it is 
preferable not to have it preceded by a coefficient-set- 
ting potentiometer on account of (a) loading effects, 
and (b) modification of 7’. If the network is used in 
the feedback path when two phase-lead factors have 
to be simulated, the precaution must be taken of ensur- 
ing that the output of the operational amplifier is con- 
nected to R’, i.e. the low-impedance end of the network. 

The additional RC lag network shown dotted in Fig. 1 
must be of impedance low enough for it not to be loaded 
by the input network of the function unit following. 
If this condition is met the time constant will be C”R”; 
Le. a lagging time constant. 

The number of lags can be reduced by combining the 
two smallest. This should not affect the simulation to 
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NOMENCLATURE 


Ky Motor back-e.m.f. constant referred to load shaft 
(i.e. actual value < n) (V/rad/s)* 
Dy Viscous-friction damping torque constant existing at 


motor shaft but referred to load shaft (i.e. actual 
value X n) (Ib ft s/rad) 

D, Viscous-friction damping torque constant existing at 
load shaft (Ib ft s/rad) 

D,D, Total viscous-friction damping torque constant be- 
tween lumped motor rotor and load and ground = 
(Dy, + D,) (lb ft s/rad) 

Ds Viscous-friction damping torque constant between 
motor and load (i.e. referred to load shaft) (Ib ft s/ 
rad) 

This is series damping as opposed to Dy, and Dy 
which are shunt damping 


Ss Effective stiffness of shaft between motor and load 
(i.e. measured at the latter) (Ib ft/rad) 

Ty Motor torque referred to load shaft (i.e. actual 
torque X n) (lb ft) 

Tr Torque reaction of gear-box on motor (i.e. referred 
to load shaft) (Ib ft) 

Ox Motor rotor position referred to load shaft (rad) 

POs Motor rotor velocity referred to load shaft (rad/s) 

Oy, Load position (rad) 

Pe, Load velocity (rad/s) 

49 Motor rotor or load position in lumped inertia case 
(rad) 

pe Motor rotor or load velocity in lumped inertia case 
(rad/s) 

E, E.M.F. generated by equivalent generator of servo 


amplifier output; (i.e. rotary or static) (V) 
E, Servomotor back e.m.f. (V) 


Ey Net loop e.mf. of motor armature circuit = 
(E,, — E,) (VY) 
(Note: E,, and E,, can have the same or opposite 
sign; i.e.| E. || E, |) 


Ty Exponential time constant of system velocity with 
viscous-friction damping to ground (s) 


* In practice Ky would normally be specified in V/(rev/ min). 


any great extent, provided that the ratio of the largest 
to the smallest is considerable; i.e. 


1 


(1+ pT,)(1+pT.)(1+pT;\1+pT.) 
1 


(1+pT,\(1+ pT.) + p(Ts+T) 
if T,»T, 
Thus, with discretion, the total number of lags may be 
reduced somewhat, and this approach, coupled with 
the foregoing techniques, makes it possible to simulate 
five lags, say, using only a single function unit. 


REDUCTION OF FEEDBACK LOOPS 
The second method of simplification is applicable to 
those parts of a system involving minor feedback loops; 
e.g. feedback servo-amplifier, back-e.m.f. loop, viscous- 
damping loop, etc. The majority of these are negative- 
feedback loops, but positive feedback is also found from 
time to time. This may take the form of feedback round 
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Fig. 3 Effect of loop gain on single exponential lag in for- 
ward path of negative-feedback loop 


Fig. 4 Simulation of local feedback loop of a servo-system 
e.g. rotary amplifier and servo-motor with overall current 
feedback (d.c. plus transient) 





Fig. 5 Location of poles (and zeros) of primary importance 
for closed loop of Fig. 4 





Fig. 6 Function unit arranged to exhibit a pair of complex 
conjugate zeros but no poles 


a transductor to overcome the inherent negative feed- 
back, or current feedback round a metadyne or ampli- 
dyne for compensation; i.e. in effect to overcome 
inherent negative current feedback. 

If the feedback is simple, it is an easy matter to 
equate the loop to one block as shown in Fig. 3. With 
only one simple lag in the forward path of the loop 
the effect of negative feedback is to reduce the lag by 
a factor equal to the d.c. forcing factor (1 + uf). The 
d.c. gain in the forward path is reduced by the same 
factor. Positive feedback on the other hand does the 
opposite since the forcing factor in this case is less than 
unity. When there is more than one lag in the forward 
path, however, and a complex transfer function in the 
feedback path rather than a simple gain constant, it may 
not be such an easy matter to evaluate the closed-loop 
transfer function. Although it is not suggested that the 
calculation is over-difficult with such tools as the root- 
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locus method at one’s disposal, the following method 
removes virtually all tedious numerical work and kills 
two birds with one stone. 


TABLE 1 Measured and calculated data of a step response 
giving a complete analysis of a quadratic lag 





Natural frequency, f, (c/s) 12-0 
@n = 2erf, (rad/s) 75-4 
Overall time of oscillation, T(s) 0-25 
Time constant, tT = T/5(s) 0-05 
§ = cos¢ = cos[tan™w,/ — o] 0-26 
w, = — o/f (rad/s) 78:1 
—@¢ = i/r @*) 20-0 





Complicated electrical loops 


The desired portion of the complete system is simu- 
lated with the loop closed. A typical case is shown in 
Fig. 4. If the closed-loop performance is at all note. 
worthy, the transient response will be oscillatory to 
some degree. Thus it follows that there is a pair of 
complex conjugate poles which principally determine 
the transient response. It may not be sufficient to equate 
the closed loop to one pair of poles, but the addition 
of two real poles should amply compensate for any 
inaccuracy. The pole-zero configuration of interest will 
thus appear similar to that shown in Fig. 5. By means 
of a step input it should be possible to obtain certain 
salient facts from which a set of data similar to Table | 
can be drawn up. Thus a bridged-T network can be de. 
signed, the complex conjugate zeros of which are 
located in the same positions in the complex frequency 
plane as the pair of complex conjugate poles. This net- 
work is designed with provision for final tuning, as can 
be observed in Fig. 6, where it is shown at the input of 
an operational amplifier. 

The short-circuit transfer impedance of the bridged-T 
network is given by: 


(1 + pT) 


Zp) = K —————_————_..___ where T, = 2CR, 
(1 + pT, + p*T,T.) a; = ICR, 
K =R., 





(a) (b) 


Fig. 7 Step response oscillograms of closed loop shown in 
Fig. 4. (a) before function unit of Fig. 6; (b) after 


When the coefficients T, and 7,7, of p and p?, respec- 
tively, in the denominator have been evaluated using the 
calculated data, it is easy to design the appropriate 
network knowing the above-mentioned relationships. 
With this network at the input of an operational ampli- 
fier, and a network of the form shown in Fig. 2b in 
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Fig. 8 Comparison of step responses of a single lag and two 

lags in cascade, sum of time constants of which is equal to 

the single time constant. The two components of the tran- 

sient response in the two-lag case are also shown. T. = 271, 
T, + T. =Ts, T./(T: - T:) = a T./(T. — T: = } 


4 Ke pe 
o(\+er7’) 





T= 4io 


Fig. 9 Block diagram showing how one integration with 
feedback can be reduced to one simple lag 


the feedback path so tuned as to have the same time 
constant 7, as the bridged-T network, the function unit 
is connected to the output* of the closed-loop section. 
The whole is then subjected to a repetitive step input, 
and the bridged-T network tuned until the output has 
no oscillation superimposed on it. The complex conju- 
gate pair of poles has been eliminated by the complex 
conjugate pair of zeros. Oscillograms representative 
of the transients before and after the bridged-T net- 
work function unit are shown in Figs. 7a and b. The 
latter shows no trace of ripple whatsoever. 

The next step is to interchange the two networks 
round the bridged-T amplifier, and subject this arrange- 
ment alone to a step input. The output transient is then 
compared with that of the closed-loop section. The 
wave-forms will appear to be almost identical, with the 
exception that the rise time of the latter will be greater. 
The network at the input is then replaced by the type 
shown in Fig. 2c, tuned so that 7 =T7,. T’ is then 








*Note that this is much better than connecting it to the input, because the 
function unit will perform much more satisfactorily if the input transient has a 
much less steep wave-front. 


Fig. 10 Motor back-e.m.f. 
loop equated to one block 






Fig. 11 = Iilustrating the 
effect of viscous friction 
on the system shown in 


Fig. 10 
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adjusted until the function unit so modified has an 
output rise time equal to the closed-loop arrangement 
under investigation. It may be observed, however, that 
the initial rate of rise of the former is greater than that 
of the latter, and that the knee of the latter is sharper 
than that of the former. What this indicates is that 
a single exponential lag is not sufficiently accurate, so 
to improve the simulation an additional lag must be 
introduced. This deduction will be appreciated from 
Fig. 8, which illustrates the step response of a simple 
lag, and the components of the step response of two 
simple lags in cascade, the sum of which is equal to 
the original. The resultant of the latter is seen to have 
a smaller initial rate of rise than in the one-lag case, 
but reaches the steady state earlier, thus having a 
sharper knee. 

Although the components of the step response con- 
tributed by one or more simple lags are considerably 
modified when the major component is contributed by 
a quadratic lag as in this case, the same general rule 
applies. This may be confirmed with added satisfaction 
from the expressions for the step response of (a) one 
simple lag and a quadratic lag in cascade, and (b) two 
simple lags and a quadratic lag in cascade, as specified 
in Appendix I. The result could also have been deduced 
on the basis of substituting a delay line equivalent to n 
equal lags in cascade, the total sum of the n lags being 
equal to the single lag. 

If an additional lag is required, this may be added 
after the function unit as shown in Fig. 1. The precau- 
tion must be taken of ensuring that the RC network is 
of sufficiently low impedance to ground as not to be 
loaded to any appreciable extent by the input impedance 
of the function unit which is to follow in the whole 
set-up. If time permits, frequency response checks of 
the two arrangements being compared could be carried 
out. Remarkably close agreement should be found over 
the frequency range of interest, thus obviating any need 
for final tuning. If it is felt, however, that closer agree- 
ment is called for, final delicate adjustment of the two 
simple lagging time constants can be easily carried out. 

By this method, therefore, it is possible to replace 
possibly seven or eight operational amplifiers by merely 
one. The prospect of simulating a fairly complex system 
on a ten-amplifier analogue computer is consequently 


considerably enhanced. 
&e i pe 
= ns 
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Fig. 12 Typical mechanical elements in a servo-system, show- 

ing equivalent block diagram and normal method of simu- 

lation. (a) Mechanical circuit diagram. (b) Equivalent block 
diagram. (c) Method of simulation 


Back e.m.f. and viscous-friction loops 

In the case of a back-e.m.f. loop and viscous-friction- 
damping loop, one pure integration is contained in the 
loop. If there are no other lags contained in the loop 
(and this is so in the case of viscous friction), it is pos- 
sible to equate the loop to one simple lag. Consider, 
for example, viscous friction (see Fig. 9); 
Net torque to accelerate inertial components of system 


= K,I — Dpé 
= Jp’0 
po(D + Jp) = Kil 
90. ify? wide 1 K 





1 D+Jp D (+pT) (+pT 
Where T’ = = (seconds) 


K, is in lb ft/A 
D is in |b ft s/rad 
J is in Ib ft s? 


= Os edtAs 
D 


Thus one pure integration and a feedback loop can be 
simulated by a simple lag. If gross motor torque is 
required for measurement, it is sufficient to record J 
and multiply by the scale factor K,. Net motor torque 
may be obtained by differentiating velocity and then 
scaling the result accordingly by means of the scale 
factor J. 

In the case of a back-e.m.f. loop, in addition to one 
integration in the forward path, it will be necessary to 
consider the lag introduced by the motor-armature- 
circuit impedance as shown in Fig. 10. The condition 
for the closed-loop poles to be purely real and not 
complex is that the loop gain must not exceed the 
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inverse of four times the armature-circuit time-constant 
as derived in Appendix II. In the majority of electrical 
cases, however, the loop gain of inherent-negative-feed. 
back portions is not sufficiently great to generate an 
oscillatory response. (This is not so, however, in mech. 
anical systems, as will be shown later.) The two simpk 
time constants of the closed-loop portion can thus be 
evaluated using the formula in Appendix II, so that 
the simulation may be effected by means of one func. 
tion unit using the techniques already described, result- 
ing in a saving of two function units. 

If there is viscous friction in addition to a back. 
e.m.f. loop, the result derived from Fig. 9 is combined 
with Fig. 10 to give the block diagram of Fig. 11, which 
shows two simple lags in cascade. Once again it is not 
likely that the loop gain and time constants are such as 
to produce an oscillatory transient response. The limit- 
ing condition for a non-oscillatory closed-loop step- 
response in this case is that the loop gain must not 
exceed (T — T’)?/4TT’ as derived in Appendix IIL. 
The two simple lags of the closed-loop transfer func. 
tion can be easily ascertained using the formula given 
in Appendix II. The desired simulation can therefore 
be achieved using only one function unit, thus saving 
two function units. 


Reduction of simple mechanical systems 

The final element in the chain will be the mechanical 
system, and if it is of any complexity at all, will in its 
simplest form comprise two inertias (the motor and 
load) coupled by a resilience (the gear-box) as shown 
in Fig. 12a. Assuming a perfectly linear system (i.e. no 
backlash, or hysteresis loops exhibiting saturation), the 
block diagram representation is given in Fig. 12b. As 
in Fig. 12a, the various inertias, torques, etc., are fe 
ferred to a suitable datum shaft—usually the load for 
expediency. There are two loops which are interlinked, 
necessitating a minimum of four function units for an 
exact simulation (i.e. three in each loop) of the block 
diagram. The double integration may be simulated by 
having a network of the type shown in Fig. 2b at the 
input of the operational amplifier and a network con- 
figuration of the type shown in Fig. 2d in the feedback 
path, the two time constants being identical. 

However, it may be found that the type of operational 
amplifier being used is not suitable for differentiating 
(i.e. to simulate pD), and so it will be necessary to 
resort to the simulation shown in Fig. 12c. As can be 
observed, the minimum number of function units re- 
quired in this case is six. If the number of operational 
amplifiers available is now severely limited owing to 
the demands made by earlier stages of the system, it 
may be imperative to reduce the number required for 
the mechanical system considerably. It is most inadvis- 
able to adopt the simplification of lumping the two 
inertias unless the gear-box is exceptionally stiff, so 
that the natural frequency of the mechanical system is 
so high as to be outside the servo band. 


To be continued 
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Satisfactory answers have been obtained in the 
past by means of an undesirable method. Greater 
mathematical integrity is wanted, not only for its 
own sake, but for its practical advantages 


Laplace with an S 


by H. GRAHAM FLEGG, o.aA., D.C.AE., F.R.MET.S. 
R.A.F. Technical College, Henlow 


IT HAS BEEN SAID ON MORE THAN ONE OCCASION THAT 
the operational calculus ranks amongst the three most 
important mathematical discoveries of the last quarter 
of the nineteenth century, and of the various techniques 
which. have been developed upon the foundation built 
by Oliver Heaviside (1850-1925) and his contempor- 
aries, that generally known as the ‘ Laplace Transform’ 
is probably the most valuable and the most widely used 
by engineers. It is considerably to be regretted, there- 
fore, that two different definitions of the transform have 
come into popular usage, and also that the majority of 
British engineers—and servo-engineers in particular— 
have adopted the less desirable of the two. 

The definition found in the majority of engineering 
textbooks is 


f(s) = fest . f(t) dt. 


Mathematicians, however, would generally agree that 
the s-mulitplied form 


f(s) =s. fest . f( dt, 
0+ 


as is to be found in works by van der Pol and 
McLachlan, is much to be preferred. This preference is 
by no means exclusively grounded in mere mathemati- 
cal aesthetics; were it to be so grounded the fact that 
the majority of engineers use transform tables based on 
the earlier form of the integral would be of passing 
regret only to the mathematical purist. There are in fact 
serious objections on basic dimensional grounds to the 
omission of the additional multiplying s. It is my pur- 
pose to show not only that the former definition is 
dimensionally unsound, but also that it leads to trans- 
form functions which are not even dimensionally con- 
sistent within the one and the same system. Further, in 
problems of circuit analysis it will be seen that initial 
conditions are accounted for in a much more satisfac- 
tory manner if the s-multiplied transformation is 
adopted. 

First, it should be clearly recognized that what is 
under consideration is, as its name indicates plainly, a 
transformation and not an operator. The Laplace trans- 
form establishes a one-to-one correspondence between 
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a function in the time domain defined along the posi- 
tive time axis and a function in the complex s-plane 
defined on the right-hand side of the axis of imagin- 
aries. It is self-evident that in any transformation there 
are practical advantages to be obtained in arranging 
that a constant retains its character in both planes. If 
we apply the s-multiplied transform to the constant k, 
we obtain in the s-plane 


co l oo 

s. fet kdt = ks| — —.e| =k. 
O+ 5 0+ 

If, on the other hand, we apply the other form of the 
transform, we find that k > k/s, a result both aesthetic- 
ally and practically less desirable. Extending the com- 
parison to simple powers of ¢, we find that in the case 
of the s-multiplied transformation 


t 2 tis. FO 2/s, and > n!/s", 
whereas the other form of the transform yields 

t> 1/s? 2D 2!/s*, and f> n!/s** 
Dimensionally, in the s-multiplied case J” is being 
transformed to S-", and this is much more elegant than 
T” transforming to S-"*. If we now consider the s-plane 
as a complex frequency plane, for example if we put 
s equal to jw, the argument ceases to be one of elegance 
alone. Frequency has the dimensions 7, and it is only 
the s-multiplied transform that corresponds to this basic 
dimensional fact. 

Secondly, it is easily seen that the non-s-multiplied 
transform is inconsistent within itself. In the transform- 
ation of linear integro-differential equations, all are 
agreed that, given suitable initial conditions d/dt> 
s, and f ...dt> 1/s. It is here that the majority of 
engineers, adhering as they do to transform tables based 


upon 


f(s) = fet .f(0 dt, 
o+ 


find themselves transforming f{...dt and t, which both 
have dimensions 7, into functions in the s-plane having 
dimensions S* and S~* respectively. In a similar manner 
they transform d/d¢ and the unit impulse function, both 
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of which have dimensions 7, into functions with 
dimensions S and S° (dimensionless) respectively. The 
s-multiplied transform, on the other hand, is completely 
consistent, since f...dt and ¢ both transform to 1/s, 
and d/dt and the unit impulse both transform to s. These 
particular considerations go far beyond the bounds of 
mere mathematical elegance, and they should be re- 
garded as sufficient justification for insisting upon the 
multiplying s. The inconsistencies of the other trans- 
form, however, verge almost on the absurd when it is 
desired to make use of the initial- and final-value theo- 
rems. These theorems take the limiting values of a 
time-domain function as t->0 and as t—> oo, and 
equate them with the limiting values of the transform of 
the same function as s—> oo and as s > 0 respectively. 
The exponents of the non-s-multiplied form are now 
forced to contradict their own basic postulate and mul- 
tiply their transforms by s, since these two theorems 
are valid only for the transformation by which a func- 
tion in the time domain with dimensions 7” goes over 
to a function in the s-plane with dimensions S-", i.e. 
only for s-multiplied transforms. 


Thirdly, it is interesting to compare the effect of the 
two tranforms upon the initial conditions in simple elec- 
trical circuitry, where again the superiority of the s- 
multiplied form can easily be demonstrated. Consider a 
branch containing only a capacitor, as shown in Fig. 1. 
The s-multiplied Laplace transform of this branch is 
shown in Fig. 2, where it should immediately be noticed 
that the initial potential difference across the capacitor 
has become an ideal voltage source in series with what 
can be regarded as a resistive element 1/sC. The s-plane 
equation has thus become v(s) = (1/sC)i(s) + v,. Had 
the non-s-multiplied transform been used, the initial 
potential difference v, would have transformed to v/s, 
which has the dimensions of magnetic flux when s 
becomes jw. Consider also a branch containing only an 
inductor, as shown in Fig. 3. The s-multiplied branch 
transform is shown in Fig. 4. Here it will be seen that 
the initial flux linkage in the inductor coils transforms 
to what is effectively an ideal voltage source since sy» 
has the dimensions of voltage when s has the dimension 
of frequency. A similar consideration of these circuit 
elements on a ‘ nodal’ basis shows that the s-multiplied 
transform produces ideal current sources from the initial 
conditions, whereas the non-s-multiplied transform 
yields elements with the dimensions of electric charge. 
Clearly the ideal voltage and current sources are far- 
and-away preferable, being simply incorporated in the 
elementary application of Ohm’s Law to the transformed 
circuit. 


When engineers are asked to change to the use of the 
s-multiplied transform, no great undertaking on their 
part is involved. All that is necessary is to multiply all 
the functions of s in their transform tables by s, and to 
restate a few theorems as indicated below: not a very 
difficult task, surely. It may of course be argued that the 
old system worked perfectly well, and that it gave the 
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correct answers to specific physical problems—as indeed 
it did. The correct answers were produced, however, 
only because a dimensional inconsistency in applying 
the transform in one ‘direction’ was compensated by 
a further inconsistency in the other ‘direction’. The 
fact that satisfactory answers have been obtained in the 
past by a mathematically undesirable method is no 
justification at all for perpetuating that method. Progress 
in mathematical thought, upon which corresponding 
progress in the sciences inevitably depends, is all too 
frequently inhibited by the type of conservatism which 
refuses to change its ground on the principle that 
change is to be resisted at all costs. There may well be a 
case for questioning the widespread use of the Laplace 
transform by engineers on the grounds that in many 
cases they are using a sledge-hammer to crack a nut, 
and that by making the method a commonplace they 
are to a very real extent shrouding its full power. Be 
that as it may, the case for the s-multiplied transform 
remains unanswerable. 

Few would deny that dimensional analysis is of fun- 
damental importance when considering mathematical 
systems and their physical realizations. Both mathe- 
maticians and engineers know well that it is frequently 
of very great value to be able to make dimensional 
checks at the various different stages of a process of 
calculation. This facility is largely lost in the Laplace 
transformation unless the transform is defined as 


f® =s. fee . f() dt. 
0+ 


Furthermore, the development of operational and com- 
plex-variable transform calculus based upon the two- 
sided Laplace integral (not discussed in this article) has 
been built upon the foundation of the s-multiplied 
Laplace transformation. In order to be able to proceed 
to this wider and more valuable field, it is necessary 
first to ensure that present practice conforms to sound 
mathematical—and hence dimensional—principles. 


Appendix 

Apart from a restatement of the definition of the transform 
and its inverse, the two important theorems concerning 
differentiation and real integration have to be restated as 
follows : 


dn» n-1 dk 


— f(D s”. f(s) — > s*, — f(0 evaluated at t = 0+ ; 
dm k—o di 


f 
Sf f(t) dt> 1) , Sf f(t) dt evaluated as t approaches zero 
s through positive values. 
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DURING AN IMPRESSIVE FLIGHT DEMON- 
stration of the Smiths Para-Visual 
Director (PVD) at Cranfield recently, 
CONTROL was able to make a personal 
assessment of the value of this new 
aid. The original idea was to over- 
come the problem of a smooth tran- 
sition from instrument to visual flight 
during the final stage of a bad weather 
approach. It appears that a pilot is 
under some stress at such a time, pos- 
sibly attempting to do several things 
at once, while needing to look through 
the aircraft windscreens without losing 
instrument control. The problem is to 
feed the pilot with information in such 
a manner that he is still able to use his 
eyes for visual pilotage; in other 
words, he must be able to receive 
information from more than one 
source simultaneously. 


Smiths considered all the senses but 
taste and smell: tactile information 
or ‘ feel’ was ruled out by the effects 
of turbulence, the necessity for keep- 
ing the hands, legs or other parts of 
the body in contact with the source 
of intelligence, and so on; the use of 
an aural device is difficult because 
intelligence about two axes is required, 
continuous listening to audio intelli- 
gence is tiring and, in any case, the 
aural senses are fully occupied with 
conventional r.t. operation. 

A visual system was the only re- 
maining possibility. There are two 
ways of doing this. First, a visual dis- 
play could be projected into the pilots 
line-of-sight. Smiths’ experience with 
reflector gun-sights suggested this to 
be a promising approach, but again 
difficulties arose. This type of optical 
system provides good control if the 
pilot is looking in the appropriate 
direction, but if the aircraft is ‘ crab- 
bing’ as little as 12° (and drifts of 30° 
or 40° are not uncommon) the pilot 
will not be able to see both the display 
and ahead of the aircraft. Flight tests 
showed that full-scale signals projected 
as a simple cross-pointer indication so 
that the image subtended an angle of 
about 8° at the pilot’s eye, could not 
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Para-visual display of information 


be seen if the pilot’s line-of-sight was 
directed at any angle greater than 8° 
from the axis of the optical display. 
Furthermore, in manoeuvring flight the 
pilot cannot attend to both the ex- 
ternal world and to his display, and 
under turbulent conditions the move- 
ment between display and exterior 
may be so severe as to cause nausea. 


Parafoveal vision 

This led Smiths Aviation Division to 
concentrate on the development of a 
system which would provide visual 
intelligence external to the pilot's field 
of fixated vision, but still within his 
general field of view. According to the 
‘parafoveal streamer theory’ (the 
parafovea is that part of the retina 
surrounding the central area of fixated 


Fig. 1 The Smiths’ 
PVD as seen by the 
pilot. The ‘ barber’s 
poles’ at left and 
right provide pitch 
information; the 
athwartships display 
gives information in 
azimuth 


Smiths’ PVD system displays flight inform- 


ation for sensing by extra-foveal vision 


vision) a pilot receives visual informa- 
tion when landing, from the dynamic 
pattern of the runway although he 
need not stare fixedly ahead. Their 
experience with a simulator which 
generated a dynamic pattern of lights 
such as would be seen when flying 
along a runway at low altitude, was 
encouraging, a subject being both able 
to comply with the tracking demands 
of the flight patterns and simultane- 
ously carry out a set task. However, 
dynamic displays of this type were 
extremely fatiguing and the subject 
tended to feel that his performance 
was poorer than it really was. 
Smiths then turned to static forms 
of display, i.e. those in which the dis- 
play was stationary in the presence 
of a no-demand signal, and moving 
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when an error signal was present. Dis- 
plays of this type are believed to be 
analogous to the visual method of pre- 
serving balance—if a subject standing 
at rest sways forward, objects to left 
and right appear to move back, and 
to preserve balance the subject must 
sway his body backwards, i.e. in the 
same direction as the visual clues. The 
same method of balance holds for 
body sway to right or left. 

To sum up, the PVD provides visual 
signals for receipt by the extra-foveal 
regions of a pilot’s vision—he can see 
them out of the corners of his eyes 
and so need not look directly at the 
display—the signals themselves being 
analogous to the visual clues employed 
to preserve balance. 


Barber’s pole displays 

A typical installation was demon- 
strated in Dove aircraft G-AOSE. This 
consists of three display units sited 
around each pilot (Fig. 1), one (azi- 
muth) in front of him, and the other 
two (pitch) on either side. The displays 
consist of servo-driven cylinders each 
having a black and white helix on its 
surface—barber’s poles. Rotation of 
the cylinder gives the illusion of longi- 
tudinal motion from the pattern of 
the helix. Fig. 2 is a block diagram of 
the system installed in Smiths’ Dove. 

The display ahead of the pilot (azi- 

















I.L.S, 
localizer 
receiver 






Vertical 





Localizer 
displacement 


Bank demand 






Heading error 










Aircraft 
compass 
system 


Bank 
demand 
limiter 







Limited bank 
demand 


Pitch datum Pitch demand 


















Limited pitch 
Pitch Pitch demand 
datum demand + 
control limiter 







Glidepath 
displacement 


LL.S. 
glidepath 


receiver gyro 








Azimuth 
display 
amplifier 


Bank error 


Amplified pitch 
error signal 








Vertical 





muth) gives demands of bank angle, 
and the two side displays, which are 
slaved together, pitch. If the azimuth 
display moves to the right, the pilot 
banks to the right until the display 
comes to rest. Similary, if the pitch 
displays run forward, he pushes the 
control column forward to comply 
with this nose-down pitch-demand sig- 
nal. Smiths’ flight experience with 
many pilots has shown that this type 
of display is ‘as nearly instinctively 
natural as one could possibly hope 
for’ and, indeed, CONTROL’s reporter 
found this to be so, although he did 
correct in the wrong direction once 
or twice during the first few minutes 
of a demonstration flight. 

Smiths report', and CONTROL’s very 
limited experience would appear to 
bear them out, that in a manual instru- 
ment-landing-system approach it is 
possible to fly accurately close-coupled 
to localizer and glidepath with the 
pilot free to look out of the windows 
or within the cockpit. Entire 
approaches have been flown with the 
pilot looking at more than 45° from 
dead ahead. Under genuine transition 
conditions (i.e. when changing from 
instrument to visual flight), accurate 
manual instrument control has been 
maintained whilst looking for the 
approach lights and, when they were 
sighted, it has been found easy to 
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Fig. 2 PVD system in Smiths’ Dove G-AOSE. Azimuth: the compass provides a 
signal proportional to the error in aircraft heading. The i.l.s. localizer deviation 
signal may be added to this to give the bank angle demanded. This is limited to 
prevent excessive bank, and then has the actual bank angle (from a vertical gyro) 
subtracted from it. The resulting bank error is amplified and applied to the 
azimuth display unit which runs at a speed proportional to the magnitude of the 
bank error. Pitch: the pitch datum signal may have added to it the i.l.s. glidepath 
deviation signal, and the demanded pitch angle results. This is limited to prevent 
the aircraft being pitched excessively if large signals are fed in, then has actual 


pitch subtracted, is amplified and applied to the pitch display units 








combine PVD intelligence with that 
from the external world. 

A further advantage is that PVD 
signals can be used in combination 
with visual flying. The runway 
approach lights provide excellent in- 
formation in azimuth, but are rather 
worse for guidance in elevation. Thus 
PVD glidepath signals may be used 
* right down’ while using the approach 
lights for azimuth control. 


Fully-automatic landing 

Yet another application is as a moni- 
tor of autopilot control. The unob- 
trusive displays remain sensibly at rest 
while the autopilot functions correctly, 
but ‘shout’ if anything untoward 
occurs, giving not only an alarm but 
a positive indication of the corrective 
action required. 

An experimental PVD installation 
has been made in an aircraft fitted 
with a fully-automatic landing system, 
the auto-land coupling unit being 
arranged to feed signals to the auto- 
pilot, the PVD or both. According to 
Smiths, the PVD has been highly suc- 
cessful for manual instrument control 
of the flare-out to touchdown, the 
pilot monitoring his own performance 
by viewing through the windscreen. 
Generally, azimuth control in the final 
stages was by direct visual means, 
with PVD control in pitch, but blind 
touch-downs have been made using the 
PVD bank display for azimuth guid- 
ance. The PVD has been used many 
times to monitor fully-automatic land- 


ings. 
Smiths feel that fully-automatic 
landing systems must eventually 


employ triplex autopilots—three inde- 
pendent systems used collectively to 
provide continuous redundancy. How- 
ever in the initial stages they envisage 
a duplex system. The DH 121 jet air- 
liner is to have such a duplex system 
with PVD monitoring. Normally, the 
PVD displays will be masked. Should, 
however, one autopilot fail or the two 
autopilots give differing results, the 
entire system will be disengaged auto- 
matically and the PVD displays will 
then be presented to the pilot for 
immediate instrument flight control. 

CONTROL understands that Smiths 
have had a large number of inquiries 
for the PVD system. Many airlines 
wish to test the equipment and this is 
embarrassing as production will not 
start until next year. Smiths expect @ 
large production programme with 
many retrospective fittings in existing 
aircraft, apart from installations in 
new aircraft. 


Reference 


1 Majendie, A, M. A, and Fearnside, K.: Towards 
all-weather operation; Thirteenth 1.A.T.A. Techni- 
cal Conference, Lucerne, 1960 
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A motor transfer-function evaluation 


with effective damping and time constant 


D. A. MILLER, sB.sc. 
G.W. Division, E.M.1I. Electronics Ltd. 


THE TRANSFER FUNCTION OF AN IDEAL 
motor-inertia system with damping 
and time constant can be simply 
determined by the following method 
in the form (/) 


K, 
F(D) 


~ D0 +T,D) (1 + T,D) 


The more usual form of this trans- 
fer function is 


F(D) = 


K. 


(JD? + fD) (1 + TD) 


In these expressions J represents 
inertia, f effective damping, T, and 
T., are effective time constants and 
K, and K, are constants of propor- 
tionality. 


Method 


(i) Draw the measured response- 
locus ; 

(ii) determine the angular fre- 
quency o, at which the measured 
locus crosses the negative real axis, 
and the frequency w, at which the 
imaginary part is maximum, as in 
Fig. 1; 

(iii) measure x, as in Fig. 1; 

(iv) calculate in order: 


X=(, /@ 9)? 
C=(3x8 — 5x? — x -— 1) (2x)°3 -x)p 
u,=C+(C*- 1)! 
u,=C - (C? - 1)! 
Then 7, =(wo)*(u,)!, T, = (wp) (uz)* 
and K,=e,°x,(71+T;) 


The transfer function has now been 
determined in the first form shown 


CONTROL July 1960 


*¥w20 


above and can be used in the evalu- 

ation of any servo-system contain- 

ing the motor-inertia combination. 
) 


- | Motor | inertia | 


Oo = Fld)e; 


Imaginary 


+ x» —— 


kK 
F (jw) = ———______ 
Jw (i+ jw7)(1+ jw72) 

Fig. 1 Response-vector locus 


If J,, the effective output inertia, 
is known, f and T can be deter- 
mined from T,=—J/f, and T,= T, 
or T,=T and T,=J/f, the correct 
choice being likely to be obvious 
from the orders of magnitude of 
T, and T,. 


Application of the method in practice 
In practice, the purpose of the 
method is for cases where the mea- 
sured vector response locus is in 
roughly the form of Fig. 1, and it 
is required to fit a simple transfer 
function over a range of frequen- 
cies which includes the measured 
values w, and «,. 


Limitation 

It should be noted that the 
method can only be applied if 
(w,/@)? lies between 2°153 and 3. 


This condition is derived from the 
requirement that C is greater than 
1 in order that u, and u, are both 
not imaginary. By subsitution in 
the expression for C it can be seen 
that 

C<0 for x>3, C= co for x=3 
and hence x must be less than 3. 
By simplifying the equation in x 
given by C>1 we get E(x)>0 
where E(x)=3x° — 3x? — 7x - 1. 

Now the equation E(x)=0 has 
one positive root, x =2°153 approxi- 
mately, and two negative roots, so 
that 

E(x) > 0 when x > 2°153, 
or E(x) <0 when x < 2153, 


for x positive. Hence x must be 
greater than 2-153, and, as previ- 
ously shown, less than 3. 


Advantages 

The advantages of this method 
over others are mainly practical. 
There are both upper and lower 
limits to the frequencies at which 
a motor system response can be 
measured with confidence, and 
there is a scatter of results due to 
changes in f (damping constant) 
during measurements. 

The author has found the method 
useful in assessing the results of 
measurements on a _ non-linear 
motor-inertia element. 


Reference 

1. The notation and nomenclature are as in 
Introduction to servomechanisms, A. Porter 
(Methuen) 

















































































































































































































































































































PROMO a oeescies 


EPRESSING, I thought, was 
PD the conclusion of the recent 

report of a two-year look at 
the possibility of decimalization and 
metrication in this country. The B.A. 
and the Association of British Cham- 
bers of Commerce joined forces for 
this effort, and after their long study 
they have decided for decimalizing our 
money and against the metric system. 
I suppose I should be so delighted 
about the recommendation on coin- 
age that my disappointment at the 
rest should be outweighed, but I 
find it difficult to feel happy with this 
half-loaf. The report itself is not as 
black-and-white as I have here made 
it out to be, and a positive recom- 
mendation is withheld rather than a 
negative one made; the authors say 
that they are unable to advise any 
compulsory transfer to the metric sys- 
tem in the near future, rather than 
that they are flatly against it. They 
point to the high cost that a change 
would involve, and of course nobody 
can deny this; it is a powerful deter- 
rent. What I do not like is the sugges- 
tion that the benefits would be small. 
According to the report we should all 
be encouraged to use metric and 
think decimally, but that is all. I 
know the practical arguments, and 
probably they are right, but the idea- 
list in me feels thwarted. I can’t help 
feeling that what is good for the cur- 
rency is also good for the weights and 
measures. It may be interesting to see 


how the Government fails to deal 
with either. 


lege of Aeronautics, Cranfield, last 

month, at the invitation of Smiths 
Aircraft Instruments. They had in- 
vited me to a demonstration flight in 
a Dove to see their new ‘ Para-visual 
Director’ (see page 107). In the event 
there was only one other journalist 
present, the several invited having 
been drawn off by a last-minute jun- 
ket elsewhere — hardly polite, but 
enough of that. 

My companion was the air corres- 


| HAD an amusing day at the Col- 
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pondent of a ‘daily’, and we were 
asked if we had ever piloted an air- 
craft before. In some trepidation we 
disclaimed all knowledge of the art. 
Smiths’ pilot took off, explained the 
system, and my colleague then made 
two very creditable approaches with 
overshoots at about 100 ft. With some 
shame I once more pointed out that 
my experience of flight was confined 
to bird-watching, but Smiths’ man 
would not accept any lack of moral 
fibre and I was practically forced 
into the right-hand seat. It all turned 
out to be delightfully simple, rather 
like operating an extremely-low- 
calibre training simulator. After the 
first ils. approach and overshoot I 
became a little too confident in spite 
of the fact that I had corrected in the 
wrong direction (owing to a psycho- 
logical quirk of my own) at least 
twice. My second approach was 
slightly marred by the fact that the 
pilot intervened to turn my overshoot 
into his landing! 


try have to put up with an environ- 

ment as severe as could be found 
anywhere, I think. The combination 
of heat, shock, and dust is a challenge 
to reliability, and in a conservative 
industry these conditions could have 
led to an absolute minimum use of 
instrumentation. In fact there is plenty 
of it, though there is no room for 
instruments which are not ‘ indus- 
trial’ in the full sense of that word. 
New developments seem to be en- 
couraged, and this attitude through- 
out the industry is reflected in the 
activities of its research association— 
pretty well always referred to as 
* Bisra’ nowadays. Bisra has recently 
published its annual report, and I find 
that an increasing proportion of its 
work is concerned with instrument 
development. On the automation side 
the problem of the automatic de- 
seaming of rolled steel billets is 
coming in for attention. At present 
this is a tedious and essentially man- 
ual job. The problem is being tackled 


[oxime ton in the steel indus- 


in two stages. First, an attempt is 
being made to mechanize all hand- 
ling, and secondly it is hoped to do 
the actual de-seaming automatically. It 
is proposed to use fluorescent pene- 
trants to ‘illuminate’ surface faults. 
Their positions can then be found 
with photocells, and the resulting 
signal can be used to work the de- 
seaming torches. 

Bisra, which must be one of the 
most ‘active of the research associa- 
tions devoted to single industries, is 
mainly supported by member firms 
which are directly or indirectly con- 
cerned with steel, but the D.S.LR. 
helps a little. The D.S.LR. has also 
produced its annual report lately, but 
this is concerned mainly with admin- 
istration, finance, and the relationship 
between the Department and its vari- 
ous research associations. The research 
work actually in progress is men- 
tioned, but generally this is more fully 
covered in the associations’ individual 
annual reports, such as the ones re- 
cently issued by the National Physical 
and National Engineering Labora- 
tories. 





CCORDING to a recent issue 
A of the American Sales Man- 

agement Magazine, among the 
most migratory birds in the United 
States are the electronics ‘ executives ’. 
Apparently about 20% of American 
families move house every year, and 
companies doing electronics research, 
development and manufacture are 
responsible for a large part of this 
movement. They are continually 
recruiting people to man plants, many 
of which are in the relatively unin- 
habited west. Nearly everybody asked 
to move, say the S.M. Magazine, 
accepts willingly. 75% of the fami- 
lies are happy about it beforehand, 
and 90% are happy afterwards. The 
contrast with British folk-ways is quite 
marked! Stick and carroi alike are 
hard put to it to move anybody in 
these tiny islands of ours. I wonder 
why? 
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/ari- THE DURGAPUR STEEL PROJECT IS 

arch coming into operation by degrees. 

nen- Stage I was inaugurated by the Presi- 

ully dent of India on December 29, 1959, 

dual the coke oven battery and blast furn- 

, re- ace plant having started to produce 

sical iron. With the recent commissioning greatly 

ora- of the 42-in. blooming mill, Associated 
Electrical Industries Ltd., Heavy Plant 
Division, has completed the supply 
and installation of the electrical equip- 

2 wi ment for the first of the primary mills 

, 


in Stage II—steelmaking and the pro- 
duction of ingots for the primary mills. 

From the soaking pits, seven-ton 
ingots are carried by an ingot buggy 
to entry tables and a weighing and 
turning machine and thence to the 
42-in. blooming mill. Manipulation of 








for passing to the 32-in. intermediate 
mill, involves an elaborate scheme 
which provides the operator in the pul- 
pit with control of all operations. 
The four electrical members of Iscon 
(Indian Steel Construction) are G.E.C., 

















































































ae English Electric, B.T.H., and Met- 
Vick, the two latter companies, of 
be course, being now known as A.E.I. 
g the (Rugby) and A.E.I. (Manchester), 
nited respectively. These four contractors 
all are responsible for the drives of the 
eal various rolling mills at Durgapur. As 
ail far as possible they have used stan- 
arch, dard components and similar control 
oi systems, in order to simplify mainten- 
+ this ance and the provision of spares and 
ually also to ease the training of operators. 
many The blooming and intermediate mills 
wale have a common motor room, and con- 
asked trol centres for a.c. auxiliary drives. 
aziné, The open control panels for d.c. main 
fara and auxiliary drives, and constant- 
hand, voltage 460-volt d.c. panels are all 
_ The standard. 
quite Since many drives have similar con- 
= oe trol requirements, a series of common 
dy in controls was designed. By using re- 
onder placeable links at key positions, the 








designers have made possible the intro- 
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the ingot and its reduction to a bloom | 


Control of Durgapur's 42-in. blooming mill 


Elaborate control scheme for India's Durgapur Steel Project 


duction of appropriate control devices, 
such as limit switches or sequence 
interlocks, and in this way have pro- 
duced a flexible control system, suit- 
able for a large number of drives. The 
value of the basic control system is 
improved by the use of 


Fig. 1 The control scheme employed on 
the 42-in. blooming mill at Durgapur 
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auxilary relays. All control circuits, 
whether for a.c. or d.c. drives, are 
d.c. operated. 

The basic scheme for the a.c. drive 
provides for direct-on-line starting, 
three-pole overloads, main circuit 
fuses, indicating lamps, and external 
‘start’ and ‘stop’ controls. The con- 
trol scheme for the d.c. drives provides 
resistance-starting and dynamic brak- 
ing, mechanical braking, overload pro- 
tection, line fuses, and control from 
an external master controller. 

Within the limits imposed by the 
mechanical arrangements, the controls 
for the main and auxiliary drives of 
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the blooming mill are similar, and the 
rotary amplifiers used in the regulat- 
ing systems for these drives are mech- 
anically and electrically identical. 
The rotary amplifier control schemes 
were designed with high forcing peaks, 
to give rapid acceleration and deceler- 
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ation, and the rate-of-change of speed 
is controlled by the stabilizing circuits. 
Over-riding armature-current limit cir- 
cuits prevent the machines being over- 
loaded. 


Mill motor control 

Each mill-motor armature is con- 
nected to two generators forming two 
separate loops, as shown in the dia- 
gram, Fig. 1. The motors are con- 
trolled up to the base speed of 40 rev/ 
min., by variation of the generator 
output-voltage with constant motor- 
field, and from 40 to 80 rev/min by 
variation of the motor field-current, 
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with constant maximum armature- 
voltage. 

The fields of all four generators are 
supplied by one exciter controlled by 
a rotary amplifier. The generator fields 
are connected in series-parallel, so 
that the armature currents of the top- 
and bottom-roll motors can be con- 
trolled separately for load-balancing. 

The first four positions of the mill 
controller increase the output of the 
amplifier controlling the generator 
exciter, and in the fourth position the 
generator output voltage is at a maxi- 
mum and the motors run at base 
speed. 

The mill motors have individual 
exciters (duplicates of the generator 
exciter) which are controlled by a 
common rotary amplifier. Moving the 
controller past the base-speed position 
reduces the reference signal to the 
amplifier, causing the motor exciters 
to weaken the motor fields, and the 
motor speed to increase in the range 
40 to 80 rev/min. 

The roll-diameter adjustment-rheo- 


PCONTROL IN ACTION. 


stat enables different values of current 
in the motor fields to be controlled by 
a common signal. When the rolls are 
of different diameters, the motors can 
therefore be set to run at different 
speeds, so that equal peripheral speeds 
are obtained. 


When there is metal between the 
rolls the mill motors are, of course, 
coupled mechanically. During rolling, 
the peripheral speeds of the rolls are 
the same so that, for rolls of equal 
diameter, the speeds of the motors 
are also the same. A _ load-balance 
exciter-amplifier controls the load 
taken by the motors by superimposing 
a signal in the generator-field circuit. 
This adjusts the generator voltage so 
that the correct load ratio is obtained 
by controlling the generator fields 
instead of the motor fields; a more 
rapid response is obtained and opti- 
mum torque is available. The load- 
balance rheostat varies the resistance 
in the circuit, so that the armature 
current (and therefore the motor 
torques) can be unbalanced by a con- 


trolled amount in order to improve 
rolling. 


Bloom shear control 

The 1200-ton bloom shear is 
arranged for cyclic operation. The 
shear motors operate with generator- 
voltage control, with over-riding arma- 
ture-current limitation. 

The generator fields are connected 
in parallel across an exciter controlled 
by a rotary amplifier. When a cut is 
to be made, the amplifier causes the 
exciter to force up the generator volts 
very rapidly, so that the motors are 
running at full speed when the cut 
begins. During the cut, the current 
rises to the limit value and the gen- 
erator voltage is depressed. The cut is 
made with maximum torque from the 
motors, plus the stored energy which 
is given up as motor-speed reduces. 
After the cut, the motors accelerate 
to full speed, and then cam limit- 
switches on the shear automatically 
slow them and apply the brakes. 


Acknowled 
We are indebted to A.E.I. Ltd. for the informa- 
tion contained in this article. 


Machine tool control at G.E.C. Witton 


Punched-tape control of Wiedemann turret press 


THE SHEET STEEL PANELS USED IN THE 
manufacture of switchgear cubicles at 
the Witton works of GE.C. are 
punched out with Wiedemann turret 
presses. For many years this type of 
press has been operated manually but, 
as the operators tire rapidly from the 


Fig. 1 The auto-controlled Wiedemann 
turret press at G.E.C. Witton 








strain of continually watching the 
scales which indicate the position of 
the panel relative to the punch, it was 
decided to develop an automatic con- 
trol system. 

The system was devised by the 
Control Engineering Group of G.E.C., 
Wembley, in collaboration with 
Witton, and put into service early in 
1959. It employs teleprinter-punched 
tapes to initiate electrical impulses 
which are translated into machine 
movements by telephone relays. 


Manually-controlled system 

The Wiedemann press is of 71-ton 
capacity and has a turret containing 
32 punch-and-die sets of various 
shapes, together with an air-operated 
centre punch, making a total of 33 
stations. Any station can be positioned 
under the press ram by rotating the 
turret. The punches are at the top and 
the dies at the bottom of the turret, 
and each is driven by separate chains 
from a common shaft and locked in 
position by a sliding pin. 

The table can carry a plate of maxi- 
mum size 10 ft by 5 ft by } in. between 
the upper and lower portions of the 
turret. It has two movements, one 





parallel to the machine axis (y) and 
the other, which moves at 90° to the 
y direction, which is labelled x. The 
plate is attached to the x slide by four 
clamps, any one of which can be re- 
tracted when it approaches the tur- 
ret, thus allowing the full area of the 
plate to pass through the turret. 

The slides are positioned by two 
handwheels to which are attached 
measuring scales marked in increments 
of */,,in.; vernier scales enable the 
required dimensions to be set to */,, in. 
The operator stands on a platform 
which is attached to the y direction 
slide and hence moves in and out with 
the component. The handwheels and 
the push-button for actuating the ram 
and the turret can be operated from 
this platform. 

The operator is supplied with a 
chart showing the station number and 
the x and y co-ordinates for each 
punch stroke. 


Automatic control 

For the automatic scheme, punched 
paper tape of standard five-hole tele- 
printer-type is used for programming 
the instructions to the press, and digi- 
tal control using Post Office type 3000 
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relays. together with a number of 
rotary switches, is employed. Two 
small d.c. motors drive each table 
movement, giving three-speed control, 
and the induction motor driving the 
turret is replaced by a two-speed d.c. 
motor. A simplified schematic diagram 
of the control scheme is shown in 
Fig. 2. 

Under automatic control, a tape 
carrying the information for punch- 
ing a complete plate, is run through 
the tape reader. The perforations are 
read in discrete phrases and each of 
these is decoded by a set of relays 
which check the reading and route the 
information to the appropriate set of 
rotary switches. There are three sets 
of these, one for the turret and one 
for each of the table movements, and 
their function is to store the next 
movement required. When the previ- 
ous punch stroke has been completed, 
the three movements take place simul- 
taneously under the control of the 
rotary switch sets and the associated 
motor-control relays. Both turret and 
table positions are fed into the rotary 
switch sets continuously from digi- 
tizers which code to an accuracy of 
+001 in. As the desired position is 
approached, the motor speeds are 
reduced and, when the position sig- 
nalled by the digitizer coincides with 
the desired position, the correspond- 
ing drive is switched off and a brake 
applied. When all three movements 
are complete, a signal actuates the 
punch. Adequate interlocks and cir- 
cuits are provided to minimize faulty 
operation of the system. 


Punched tape system 

The tapes are produced on a Creed 
teleprinter which gives a red typewrit- 
ten record as well as the punched tape. 
When sub-routines are added, or alter- 
ations are made to the master tape, 
the output from a Creed transmitter 
is passed to the teleprinter, which then 
gives a black-printed record. By this 
means, information added from the 
teleprinter keyboard is distinguishable 
from that added by the transmitter, 
and a changeover from one to the 
other is easily carried out. 

The tape information for setting the 
machine and actuating the punch ram, 
consists of a turret-movement code 
followed by two decimal digit codes, 
& y movement code followed by four 
decimal digits, an x movement code 
followed by five decimal digits, and 
the punch code. Each of these codes 
Occupies one line across the tape and 
is made up of a combination of up to 
five holes. These combinations are 
grouped for easy recognition ; a four- 
hole combination denotes a movement 
code, two holes denote a digit code, 
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Fig. 2 Simplified diagram of the automatic control scheme for Witton’s press 


whilst a combination with an odd 
number of holes denotes a subsidiary 
operation such as an operator’s instruc- 
tion. These odd-number combinations 
are preceded by the letter code which 


_ cancels out the checking circuit when 


an odd-number combination is read. 
One whole setting occupies 14in. of 
tape, but should a movement not 
need to be altered, it is not punched 
into the tape a second time. 

Time can be saved by programming 
the punches required to make each 
aperture, taking the aperture’s centre 
point as the datum, and then adding 
these individual programs or sub- 
routines into a master program. When 
sub-routines are added to the master 
program in this way, they are pre- 
ceded by subsidiary x and y co-ordin- 
ates which are accepted by the control, 
and the x or y co-ordinates which 


-follow are added or subtracted to give 


the true position. When the aperture 
has been punched, zero subsidiary co- 
ordinates are inserted so that any sub- 
sequent reading is as programmed. 
This method can also be used to make 
small identical components from a 
single large sheet of metal. 

The control system is not able to 
carry out all the duties of an operator 
—removing scrap, moving the clamps 
along the table etc. The program 
therefore contains coded information 
to warn the operator that these tasks 


must be carried out. When this occurs 
the press is stopped automatically and 
the appropriate indication is given. 


Advantages of auto-control 

CONTROL understands from G.E.C. 
that higher output has been achieved 
under automatic control by reducing 
operational time and by minimizing 
physical fatique and time lost when 
an operator is away from his machine. 
This has resulted in a direct opera- 
tional saving of 25% in machine time, 
and a corresponding overall saving of 
334% as the operator is able to per- 
form other work while the machine is 
in operation. The use of sub-routines 
by the programmer responsible for 
compiling the instructions has resulted 
in a 70% time saving and has greatly 
reduced the mental fatigue encountered 
in performing this operation. 

A further important advantage is a 
reduction in labour turnover. Under 
manual conditions, operators are 
known to suffer from severe head- 
aches due to the degree of concentra- 
tion required and to the level of back- 
ground noise. In consequence, requests 
for transfers to other machines are 
common and output varies consider- 
ably with different operators. With 
automatic control, full output can be 
achieved, without physical strain, by 
an unskilled operator after a training 
period of two or three days. 
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Automation in the biscuit industry 


CARR'S OF CARLISLE, IN DECIDING TO 
adopt a large-scale automatic ingre- 
dient-handling system, resolved to do 
so without reducing their product 
range. 

The biscuit-making process consists, 
briefly, of weighing and mixing a 
dough to the appropriate recipe, form- 
ing and baking the biscuits, adding 
creams, etc, and packing. The latter 
stages of this process have been car- 
ried out by automatic and semi-auto- 
matic machinery for some years. It is 
with the initial stages of storage, selec- 
tion, weighing and mixing of the ingre- 
dients that Carr’s new plant is con- 
cerned. 

The system is the result of co-opera- 
tion between Thomas Robinson, of 
Rochdale, and Elliott Automation. It 
has been designed to give automatic 
handling of all bulk ingredients— 
various flours, sugar, syrups and glu- 
cose. At present arrangements for 
sugar are not complete, but all the 
other major ingredients are being 
handled automatically. 


Flour storage 

Most of the flour, of which seven 
varieties are used, arrives by road in 
bulk tankers, and is pneumatically con- 
veyed to one of two test bins. The 
test bin is selected, and the discharge 
started, by the control supervisor. 
Indicators, operated by a decrease in 
the pressure-drop along the pneumatic 
conveyor lines, show when flour dis- 
charge is complete. 

Flour remains in the test bins until 
routine checks have been made. It is 
then transferred to one of seven main 
storage bins by a further pneumatic 


Fig. 1 A recipe being ‘ plugged in’ on 
the programmer panel 


\ 


Carr's of Carlisle turn to automatic recipe control 


conveyor system. The appropriate 
blowers and diversion valves for this 
are operated from the main control 
panel. 

Diversion throughout the flour hand- 
ling system is effected by three-way, 
electro-pneumatically operated valves 
designed for the purpose by Robin- 
sons. Micro-switches are incorporated 
in the valves to produce signals to the 
control panel indicating the position 
of each valve. 


Recipe control 

There are eight dough-mixing 
stations—each of which may serve one 
or more baking ovens—comprising a 
mixing machine with a flour receiver 
above it. Flour for the subsequent mix 
can be held in this receiver until 
required. An Elliott program con- 
troller keeps these mixing stations sup- 
plied with batches of materials con- 
taining the correct weights of ingre- 
dients for the particular product being 
made. 

In the control room, each recipe is 
represented by a punched card. The 
cards for a day’s production are placed 
on a program panel, each position 
on the panel representing a particular 
oven (Fig. 1). A plug is placed in each 
hole in the card. These plugs intercon- 
nect two printed circuit matrices in 
the program panel, and select the 
type and weight of ingredient required. 

When an oven operator requires a 
mix, he presses a ‘request’ button. The 
programmer then selects the correct 
recipe for that oven and delivers the 
correct weights of the various types 
of flour to the receiver above the 
mixer. Each weighing is carried out in 
a single hopper adjacent to the main 
flour-storage bins, the weight signal 
being transmitted by load cells to a 
circular-scale indicator on the main 
control panel. A disk encoder on the 
main shaft of this indicator gives a 
digital output, which is compared with 
the weight demanded by the recipe 
card. Signals are dispatched to divert- 
ing valves and blowers to stop the 
flour when the weight delivered equals 
the demand. Compensation for over- 
shoot and for the material in suspen- 
sion is made for each weighing. The 
sequence of operations in shutting-off 
the flour is arranged so that flour re- 
maining in the pipe between the stor- 
age bin and weighing hopper is fed 
back into the same bin, through a 





return line, before the next delivery to 
the weighing hopper commences. 

An indicating light shows when the 
complete batch has arrived in the flour 
receiver at the mixing station. Dis- 
charge valves from the receivers are 
interlocked to prevent operation be- 
fore the batch is complete. The dis- 
charge of fats and other fluid 
ingredients into the mixture is con- 
trolled by preset metering pumps. 

When a request is received from an 
oven, the programmer begins to scan 
the ovens in a predetermined order 
until it finds the one making the re 
quest. The appropriate batching 
sequence is then carried out, and the 
scanner does not move again until 
another request is received. In the case 
of simultaneous requests, the first 
found during the scanning operation 
is completed before moving on to the 
next. 

A standard type of teleprinter works 
in conjunction with the programmer 
and records all operations. The weights 
printed for each ingredient are cumu- 
lative, which assists in keeping stock 
records. 


Alarms and safety devices 


A number of safety interlocks are 
built into the programming system. A 
request from an oven where the asso- 
ciated flour receiver already contains 
ingredients, or has its discharge valve 
open, will be neglected, as will requests 
for ingredients which are not avail- 
able. Any rejected request is indicated 
by flashing of the request light on the 
control panel, to warn the supervisor 
that special action is required. 

In addition to the interlocks incor- 
porated in the programmer, numerous 
independent warning and corrective 
devices are used in the flour storage 
system. The three-position bin level 
indicators automatically bring in an 
air-jet system if ‘ arching’ of the flour 
in the bins occurs. These air jets are 
normally sufficient to break the arch. 
Pressure-operated switches are used 
extensively in the flour lines to stop 
the feed in cases of. blockage. 

During a recent visit to Carr’s fac- 
tory, CONTROL found the automatic 
handling system working smoothly. 
The introduction of modern methods 
into this old established factory (and 
very largely into existing buildings 
with limited floor space) gave every 
appearance of being successful. 
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...to DATA HANDLING 





Decimal multi-turn digitizer 

D. S. EVANS, Hilger & Watts 

A great deal has been said about 
encoders of different types used for 
digital presentation of measurements. 
Of the shaft-driven variety, single rota- 
tion units are probably the most com- 
mon, but there are many applications 
for multi-turn units (see Ideas Applied, 
June 1959). Nearly all these devices 
work in binary or binary decimal code 
and require to be followed by a de- 
coder for the benefit of the human 
operator. 

The units about to be described pro- 
duce decimal outputs for display or 
record purposes, without the necessity 
for a decoder, thus providing a simple 
and relatively cheap remote turns indi- 
cator with a coverage of several 
decades and no ambiguity. Each unit 
is a special form of single-pole ten- 
position switch, normally supplied 
with a built-in 10:1 reduction gear, 
so that there is one number change 
for each complete rotation. Means are 
provided for cascading these units 
electrically and mechanically to form 
an extended turns indicator. 

A conventional type of selector 
switch will have either a make-before- 


& 





Fig. 1 Single unit with cover removed 








CONTROL July 1960 


IDEAS APPLIED ... 





A monthly review—under basic headings—of the latest control 
engineering developments for all industries; specially edited for busy 


technical management, plant and production engineers, chemical en- 


gineers, etc., who are not specialized in instrument and control systems 


break or a break-before-make wiper 
contact, neither of which is suitable in 
itself for continuous read-out, since 
one produces overlaps and the other 
discontinuities. In this case, a second 
wiper, known as the odd/even track, 
which alternately makes and breaks 
a circuit for each revolution of the 
input shaft, is introduced to decide the 
change of number. Its choice is be- 
tween any two adjacent contacts or 
numbers selected by the first wiper, 
which is of the bridging type. This is 
shown simply in Fig. 2. 

If we take a position of the scale 
where only one lamp contact is made, 
and then move the scale one way, we 
shall bridge a second contact. This, 
however, does not effect a change since 
the common return for the second cir- 
cuit is still broken by the relay con- 
tact. The change occurs when the 


‘relay is actuated by the odd/even 


track. By this means the edge accuracy 
of the bridging wiper and the position- 
ing of the decimal contacts are not at 
all critical. One further advantage is 
that switching of the circuits is per- 
formed through the relay contacts and 
not the scale. The uniformity of digits 
depends solely on the uniformity of 
the odd/even track. 

If we wish to cascade two or more 
of these units, or couple them to a 
fine digitizer, the number change in all 
sections must be controlled from the 
finest scale. The arrangement of Fig. 2 
has, therefore, to be modified slightly 
if we assume that there is a finer sec- 


tion controlling the one under dis- 


cussion. This is because we have to 
transfer the decisions from the odd/ 
even track edge to a fine section (to 
which this scale is geared) in order to 
overcome ambiguities due to back- 
lash. A choosing system is employed 
(Fig. 3), using two contacts on the 
odd/even track instead of the original 
one. These are spaced half a digit 





apart and are referred to as the lead 
and lag contacts. Only one is used at 
a time, the choice being made from a 
track on the finer scale, which is con- 
ducting for half a revolution and non- 
conducting for the other half, the total 
movement being approximately equal 
to one of the coarser scale divisions. 
This half track of the fine scale also 
determines the 999 to 000 change of 
the fine scale or whatever one revolu- 
tion represents. 

When the fine scale is reading be- 
tween 500 and 999 the choice is such 
that the lower figure of a pair is 
chosen, and when the reading is be- 
tween 000 and 499 the higher figure 
is then taken. Thus, for example, the 





Odd/even track 


Fig. 2 Basic decimal contact arrangement 
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Fig. 3 Method of avoiding backlash 
between two geared units 
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Fig. 4 Transferred number selection 
between three scales 


digits of the number 1999 would 
change to 2000 together. 

In order to be able to follow on 
with a yet coarser scale, a half con- 
ducting track is attached to each scale 
(Fig. 4). This too has to be fitted with 
lead and lag contacts operating from 
the same choosing relay that controls 
the odd/even pair. This choosing track 
operates a further choosing relay in 
the next higher stage, but the ends of 
the track are avoided to ensure that 
the overall changes are controlled 
from the very first scale. 

It should be noted, therefore, that 
the fine scale only is fitted with a single 
choosing contact. If no fine scale is 
required before the multi-turn units, it 
is necessary to provide a cam or con- 
tact fitted to the input drive, which 
operates the first choosing relay for 
each half revolution. 

These units can be coupled together 
almost indefinitely without introducing 
ambiguities. Two relays are required 
for each section. One decides odd and 
even number changes and the other 
avoids edges and synchronizes the 
changes with the other decades. 


to COMPUTATION 
Iterative analogue computer 


I. C. HUTCHEON 

A new type of analogue computer, 
designed specifically for solving certain 
types of field problem which arise in 
many branches of science and engin- 
eering, has recently been completed by 
Tiltman Langley Ltd., under a contract 
with the U.S.A.F. Air Research De- 
velopment Command. 

Based on the use of scanning tech- 
niques and a set of short-term memory 
elements, the computer is a relatively 
simple device which, in its present 
form, is capable of solving up to 20 
simultaneous equations of the type 
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1 k=20 
T= Zen o(T,) 

where the a,,’s are predetermined con- 
stants, ¢(T,) is an arbitrary linear or 
non-linear function of T, and L is 
variable having certain critical values 
(eigenvalues) which are to be found. 
Other applications of the scanning 
principle are envisaged, including the 
solution of partial differential equa- 
tions by finite difference methods. 

In the computer, twenty voltages 
representing values of T are derived, 
via a gain control, from a network 
comprising 400 coefficient-setting po- 
tentiometers, and 400 summing resis- 
tors. A switch connected before the 
gain control presents these voltages in 
turn to a single function generator, the 
outputs of which are used to adjust 
20 control units so that voltages re- 
presenting ¢(T) are applied to the net- 
work. This process is repeated. con- 
tinuously until equilibrium is achieved 
at every point, the solution then being 
available in the form of voltages at 
the network points. 

Each control unit has an associated 
memory capacitor and retains its 
adjustment while the other units are 
adjusted. Since the alteration of any 
one of the applied network-voltages 
modifies all the network outputs, the 
final solution is reached after a num- 
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Fig. 1 Schematic circuit of computer. The upper part of the diagram shows a 
representative section of the computing network. The lower part shows the com- 
mon scanning and adjusting circuit 
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ber of scanning cycles, each represent- 
ing a better approximation to the final 
solution than its predecessor. The 
computer thus performs automatically 
an electrical procedure which is anal- 
ogous to the relaxation method of 
numerical analysis developed by 
Southwell. Only one function genera- 
tor and three amplifiers are used, two 
of the amplifiers being directly asso. 
ciated with the function generator, 
The third amplifier is used in a feed- 
back circuit to adjust the control unit 
outputs accurately in relation to the 
outputs of the function generator. 

Scanning is performed by twenty 
three-pole on/off Post Office type re- 
lays which are energized in turn by a 
motor-driven switch, and whose con- 
tacts operate in a_ pre-arranged 
sequence. Each control unit is a com- 
pound emitter-follower containing 
four transistors and having a high 
value tantalum electrolytic capacitor 
connected across its input. Each is a 
plug-in unit which provides an output 
of 0 to 10 volts at 0 to 0-4amp, so 
permitting the use of low value poten- 
tiometers, and reducing loading errors 
due to the summing resistors to less 
than a quarter per cent. 

An accurately calibrated master 
potentiometer is provided, against 
which the 400 coefficient potentio- 
meters can be set up by use of the 
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built-in galvanometer. These same 
components allow accurate measure- 
ment of the distribution of T. Adjust- 
ment of the gain control until a par- 
ticular pattern of T is obtained on an 
oscilloscope gives ‘the appropriate 
eigenvalue of L. 

The computer is at present being used 
to assist investigations into combustion 
phenomena which are being carried 
out at Imperial College. In this appli- 
cation, a combustion chamber is re- 
garded as being divided into twenty 
cells which influence one another. The 
temperature T of any cell is deter- 
mined by summing the thermal in- 
fluences on it of the reaction rates in 
all the cells, and each reaction pro- 
ceeds at a rate which is a non-linear 
function of its own temperature. A 
four-decade gain-control in the com- 
puter allows observation of the flame 
patterns associated with different com- 
bustion chamber loadings (L) and 
gives the conditions under which the 
flame becomes extinguished. A point 
of some interest in this case is that it 
is necessary to ‘light’ the computer 
by applying a 10-volt ‘flame’ to the 
network. 

Tiltman Langley are planning to pro- 
duce iterative computers which are 
based on the above principles but 
designed to specific requirements. The 
system is the subject of British Patent 
Application No. 348/57. 


..- to TEMPERATURE 
Self-operating gas flow controller 


A temperature controller for gas-fired 
furnaces, requiring no air or electrical 
supplies, has recently been introduced 
by Negretti and Zambra. The system, 
known as the ‘ Gas-stat’, has propor- 
tional control action with adjustable 
sensitivity. It comprises a diaphragm 
operated valve in the main gas line, 
controlled by a pilot valve positioned 
mechanically by a deviation linkage. 
Power for the main valve is supplied 
by the pressure of the gas supply, and 
power to operate the pilot valve comes 
from a bourdon tube coupled to a 
Mercury-in-steel temperature measur- 
ing element. 

Referring to Fig. 1, the stem of the 
pilot valve is positioned by the differ- 
ential link AB, which compares the 
desired value setting with the mea- 
sured value, represented by the posi- 
tion of the free end of the bourdon 
tube. The valve stem is held in con- 
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tact with a tappet on the differential 
link by a small force exerted by the 
synthetic rubber gaiter G, which also 
provides a gas seal for the stem. The 
connexion between the bourdon tube 
and the link is such that a decrease in 
temperature opens the valve V. A sen- 
sitivity adjustment is incorporated in 
the linkage. 

C is a restricted passage connecting 
the pressure upstream of the main 
valve to the chamber above the dia- 
phragm D. Depending on the opening 
of the pilot valve V, the pressure in 
this chamber can vary between the 
full upstream pressure (when V is 
closed) and a pressure only slightly 
above that at the downstream tapping 
point E (when V is fully open). Thus 
there is normally a pressure differen- 
tial across the diaphragm, which deter- 
mines its position relative to the baffle 





Gas supply 
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F E To burners 
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Fig. 1 Complete control mechanism, 


- comprising a pilot valve positioned by 


a bourdon tube and a diaphragm-oper- 
ated main control valve 


F, and consequently controls the main 
gas flow. Opening the valve V pro- 
gressively reduces the pressure in the 
diaphragm chamber. The main valve 
opening therefore follows the opening 
of the pilot valve, the overall relation- 
ship between deviation and main valve 
aperture being approximately linear 
over the working range. 


--.- to FLOW 





Flow-dividing valve 
Difficulty is frequently experienced in 


hydraulic systems where two actuators 


work simultaneously from a single 
operating pressure, as any difference 
in the loads on the two actuators will 
cause the operating rates to differ. A 
flow-dividing valve, designed and pro- 
visionally patented by Lockheed’s In- 
dustrial Hydraulics Division, over- 
comes this difficulty by ensuring equal 
flow-rates in two output lines. Equal 
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Outlet ‘A’ 


Outlet ‘s’ 


Fig. 1 Internal connexions in valve body 
and spool 


flow is maintained irrespective of 
output-pressure variations. 

The principle of the valve can be 
seen from Fig. 1. A spool S moves in 
a closed cylinder, and is designed to 
partially restrict the outlet ports A and 
B, the extent of the restriction depend- 
ing on the exact position of the spool. 
The high-pressure operating fluid 
enters the annular spaces C, and C, 
between the spool and cylinder, through 
the equal restrictions R, and R,. Direct 
communication is provided, through 
ports in the spool, between the annu- 
lar spaces C, and C, and the end 
chambers D, and D, respectively. 
From the symmetry of the design, it is 
clear that under steady conditions the 
pressures in C, and C, must be equal. 
An increase in load on one of the 
actuators causes a transient increase in 
pressure in those parts of the valve to 
which it is connected, and moves the 
spool in the appropriate direction to 
restore the equality of the pressures in 
C, and C,. For example, an increase 
in load on the actuator connected to 
A causes an increase in pressure in 
the space C, and the chamber D,. This 
moves the spool to the left, reducing 
the resistance of the restriction at A 
and increasing that of the restriction 
at B. 

The effect of this change in the 
resistance of the flow paths to the two 
actuators is to maintain equal flow. 
This is apparent from consideration of 





Fig. 2 Cut-away view of the valve 
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the inlet conditions. The restrictions 
R, and R, are of equal resistance and 
are fed from a common pressure sup- 
ply. As the pressures in C, and C, also 
remain equal (except during transient 
disturbances as described above) the 
flows in the two inlet lines must be 
equal. But each inlet flow equals its 
respective outlet flow, so these too 
must be equal, irrespective of the pres- 
sures in the outlet lines. 

A range of these valves has been 
designed for flows up to 20 gal/min 
and pressures up to 3,000 1b/in?. Ac- 
curacy is claimed to be 0-5% of the full 
rated flow. If required, valves can be 
supplied with two orifices of different 
sizes, to divide the input flow in un- 
equal proportions. 


Alternative design for free-float type 
meter 

The type of flowmeter comprising a 
free float in a vertical tapered glass 
tube (the float taking up a position 
dependent on the flow through the 
tube) has practical disadvantages in 
some applications. Glass tubes, which 
are necessarily fragile, are expensive to 
manufacture because of the accuracy 
and quality of finish required on the 
internal taper. Further, when used 
with viscous liquids, it is difficult to 
heat the tube without obscuring the 
float with the heating jacket. 

A variation of the standard de- 
sign, provisionally patented by the 
U.K.A.E.A., overcomes these difficul- 
ties by using an externally tapered 
rod in a parallel-bore tube, and an 
annular float. The rod would normally 
be made of metal, which could be 
shaped with sufficient accuracy by 
ordinary machine-shop processes. Heat 
can then be applied to the rod to 
maintain free flow of viscous liquids, 
without obscuring the float. 


-..to PHASE 


Suppression of quadrature currents 


Servo-operated measuring systems 
working from a.c. signals are often 
subject to errors caused by quadrature 
components in the input signal. These 
quadrature components may be due 
to pick-up, the capacitance of the 
transmission lines, or other causes. 

A device patented by George Kent 
Ltd. automatically suppresses the 
quadrature components, irrespective 
of variations in magnitude. The neces- 
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Fig. 1 Equivalent circuits: (a) differen- 
tially heated thermistors; (b) slidewire 
and moving contact 


sary suppression signal is produced by 
means of a thermistor-potentiometer 
circuit having no moving parts. 

The principle of using two thermis- 
tors in series to replace a conventional 
slidewire and moving contact is shown 
in Fig. 1. When the two thermistors in 
Fig. 1 (a) are heated differentially, the 
resistance of one rises while that of 
the other falls. The output from the 
system may be made to vary over 
almost the complete range of the 
reference voltage provided by the 
supply transformer. 

The thermistor-potentiometer circuit 
is shown schematically in Fig. 2. The 
a.c. signal is amplified and fed to a 
demodulator, which causes the two 
thermistors TH, and TH, to be heated 
differentially whenever the input con- 
tains any component in phase (or in 
anti-phase) with the demodulator ref- 
erence voltage. This system is equi- 
valent to the conventional combina- 
tion of a.c. amplifier, servomotor and 
mechanical slidewire. A third thermis- 
tor, TH,;, provides overall negative d.c. 


Negative d.c. 


feedback 


Fig. 2 Thermistor 

potentiometer cir- 

cuit incorporating 
demodulator 


Fig. 3 Circuit for A.C. 
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feedback. This stabilizes the operating 
points of the four transistors in the 
amplifier and demodulator, which are 
direct-coupled from end to end, and 
maintains the output characteristics of 
the potentiometer substantially con 
stant in ambient temperatures between 
0° and 60°C. 

Fig. 3 shows the thermistor poten- 
tiometer applied to a conventional 
servo-driven potentiometric recorder 
to suppress the quadrature component 
in the input signal. The device is con- 
nected in a second feedback loop 
round the servo-amplifier, the suppres- 
sion signal being derived from the 
system a.c. reference voltage. The re- 
sistance R and capacitance C, intro. 
duce a lag of approximately 90°, so 
that the quadrature input signals are 
brought into phase with the reference 
and operate the thermistor potentio- 
meter. The capacitance C, gives a pre- 
cise 90° advance to the suppression 
signal. 

Other applications include the com- 
parison of a.c. and d.c. signals by 
sharing these on the same thermistor 
potentiometer, and the multiplication 
of dc. signals by time sharing 
methods using switches. 

The full circuit of the quadrature 
suppressor is given in I.E.E. Paper No. 
3134, ‘A Transistor Quadrature Sup- 
pressor for A.C. Servo Systems’ by 
I. C. Hutcheon and D. N. Harrison, 
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—— COMMUNICATIONS —— 


Luton's letter sorter 


During a recent visit to Luton Post 
Office, CONTROL saw letters being 
sorted entirely automatically. As the 
Post Office spends £16m a year on 
sorting letters their interest in mech- 
anization is considerable, but the 
Luton experiment goes beyond mere 
mechanical handling. A manual sorter 
can sort letters into 48 boxes at a rate 
of 1500 an hour; a semi-automatic 
system (i.e. a mechanized letter-sorter 
which is tied to the speed of the 
human operator) can sort into 144 
boxes at about 3000 an hour ; the new 
Luton automatic sorter is not tied to 
the speed of an operator and can sort 
into 144 boxes at the rate of 6-7000 
letters an hour. 

The new automatic letter-sorting 
equipment at Luton comprises two 
letter-coding machines, memory equip- 
ment and a letter-sorting machine. 
After date-stamping, letters posted by 
the public in Luton are fed into the 
coding machines at each of which an 
operator sits with a typewriter key- 
board. The machine shows the letters 
to the operator, one at a time, in a 
viewing window. He reads the name 
of the town written on the letter, and 
types on his keyboard the first three 
and last two letters of the name, e.g. 
if the letter is for Manchester, he types 
the letters MANER. This action causes 
the coding equipment to print on the 
letter a pattern of spots, in a phos- 
phorescent substance, representing the 
name Manchester. The letters with 
their patterns of phosphorescent spots 
on them are fed into the sorting 
machine. This ‘reads’ the spot pat- 
terns and sorts the letters automatically 
to the correct selection boxes. 

The Luton system has several ad- 
vantages, the most important of which 
is, of course, that it replaces manual 
by machine sorting. As most letters 
must be sorted three times or more, 
the coding of the written address into 
machine language means that all these 
sortings can be automatic. Further- 


mofe, it simplifies sorting, the operator 
merely having to read the name of the 
town and press five keys. Also the 
Machine can work at maximum speed 
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as it is not limited by the speed of a 
single operator. 

The next stage is to install an auto- 
matic system at Mount Pleasant to 
accept Luton letters routed via 
London. 


Coded addresses ? 

The Post Office would like to make 
all sorting —i.e. letter to office of 
delivery, and to postman’s delivery— 
automatic. The ideal is for a pattern 
of phosphorescent spots to represent 
both the street and town address, and 
this requires the co-operation of the 
public. Already postal codes for ad- 
dresses are being experimented with at 
Norwich, and if this is successful, the 
Post Office will combine the Luton 
and Norwich experiments and try out 
a full coding-sorting scheme. 


M.B.P.E. and exports 


The Post Office’s drive for mechan- 
ization has led to their development 
of a whole range of mail-handling 
devices, and the commercial firms col- 


‘laborating with the P.O. in the engin- 


eering of this equipment appear to 
have suddenly become world leaders 
in the field. A new British export in- 
dustry has thus been created, and, at 
the suggestion of the Post Office, The 
Manufacturers of British Postal 
Equipment has been formed. The 
M.B.P.E. consists of Associated Auto- 
mation, Elliott Bros. (London) Ltd., 
Harrison & Sons, Setright Registers, 
Sovex, Thrissell Engineering, and 
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Vickers-Armstrongs (South Marston) 
Ltd. 

As CONTROL goes to press, they are 
exhibiting their wares to delegates to 
the Conference of the Universal Postal 
Union studying mail handling, which 
is being held at Eastbourne. Already 
export orders have been received from 
Russia, Switzerland and Egypt, and the 
M.B.P.E. are very optimistic that an 
export trade in automatic post offices 
will arise from the ‘research work 
and initiative shown by the G.P.O.’. 


—— BUSINESS ——_———_—_ 


Cambridge to buy E..L. 


Cambridge Instrument have offered to 
buy the whole of the ordinary share 
capital of Electronic Instruments (pos- 
sibly best known for pH instrumenta- 
tion) of Richmond, and the latter's 
directors have recommended accep- 
tance of the offer. The purchase is on 
a share exchange basis and is worth 
about £550,000. 

Electronic Instruments will operate 
under its own name with A. C. W. 
Norman continuing as Chairman, Paul 
Goudime as Managing Director, and 
D. A. Pitman as Sales Director. They 
will be joined by three directors of 


Cambridge Instrument, and Paul 
Goudime will join the Cambridge 
Board. 


This would appear to be a most 
satisfactory merger, both parties 
having a great deal to offer. Cam- 
bridge are long-established (79 years 
old) manufacturers of scientific and 
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industrial instruments, who started life 
as suppliers to Cambridge University. 
E.IL.L., on the other hand, are com- 
parative mewcomers having been 
formed only fifteen years or so ago. 
Although they have 330 employees 
only, their products are in many ways 
complementary to those of Cambridge, 
although the latter are, of course, con- 
siderably larger and cover a very 
much wider field. 


Simms buy Dawe 


G. E. Liardet, Chairman of Simms 
Motor & Electronics Corporation, has 
stated that Simms are to purchase 
Dawe Instruments (and Dawe-associ- 
ate L.M.K. Manufacturing) for about 
£250,000. This purchase will further 
strengthen Simms in electronics, for 
the Group already control N.S.F. and 
Cawkell Research & Electronics. 


D. H. and S. 6. Brown 


S. G. Brown, the gyro compass firm, 
has been sold by the Admiralty for 
£775,000 to de Havilland in associa- 
tion with the American Bosch Arma 
Corporation. It is understood that 
Bosch Arma will have a 49% share in 
S. G. Brown and that control will 
continue in British hands. 

This sale of a Government-owned 
company has given rise to a great deal 
of political controversy, the Opposi- 
tion not only disapproving of the sale 
on doctrinaire grounds, but also dis- 
liking the foreign link. The Govern- 
ment, on the other hand, feel that 
? . it is no function of the Govern- 
ment to run a limited liability com- 
pany operating on commercial lines ’, 
and welcome American investment. 


<> RESEARCH —____. 
Open Day at NEL. 


The National Engineering Laboratory 
(N.E.L.)—originally an offshoot of 
the N.P.L. and until recently called 
the Mechanical Engineering Research 
Laboratory—is now one of the largest 
laboratories of the D.S.I.R. The N_E.L. 
Steering Committee, which became 
operative in March 1959, resolved in 
its first report to concentrate effort on 
a relatively small number of projects, 
and to give priority to projects related 
to immediate industrial problems. 
At their recent Open Day CONTROL 
saw one of the lines of research which 
has benefited most from this concen- 
trated effort—the application of moiré 
fringe techniques to the control of 
machine tools. These applications fall 
into two classes: those in which the 
fringes are used as an accurate means 
of measuring distance and rotation for 
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controlling the tool or work position ; 
and those in which the object is to 
correct minor inaccuracies inherent in 
the machine-tool. The first of these 
applications is exploited commercially 
by Ferranti; the N.E.L. has been con- 
cerned mainly with the second. 

The principle involved is that of 
detecting small errors in the relative 
movements (either linear or rotary) of 
two parts of the machine, and apply- 
ing rapid corrective action via a servo- 
mechanism. A particular application, 
developed in conjunction with David 
Brown Industries, is that of correcting 
errors in the final table-drive of a gear- 
hobbing machine. Radial gratings are 
attached to the work table and to the 
hob-spindle, each grating working 
with a second similar stationary grat- 
ing, and the fringes produced by rota- 
tion are detected by photocells. Com- 
parison of the signals from the two 
photocells shows where errors exist, 
and the error-correcting signal can be 
fed back through a suitable servo- 
mechanism. 

The advantages of the increase in 
accuracy are two-fold. First, for 
heavily-loaded gear-drives, loads on 
teeth are correctly distributed and the 
risk of failure is diminished. Secondly, 
it provides more accurate gears for 
machine tools themselves. 


——_——MOTOR CARS-——— 


Driving simulator 


A new approach to basic driving in- 
struction, the use of a driving simula- 
tor, has been demonstrated by General 
Precision Systems, better known for 
their activities in the field of aircraft 
simulators. The equipment reproduces 
most driving sensations, and presents 
the results of a driver’s actions on a 


Automatic measurement of dynamic errors in a David Brown gear-hobber at 
N.E.L. using moiré fringes 


* shadowgraph ’ image in front of him. 
Speed of movement of the road image 
is related to accelerator position and 
the gear engaged, and engine noise is 
realistically imitated. The equipment 
can be fitted to any popular car, the 
resistance to steering effort being ad- 
justable to simulate the ‘feel’ of a 
particular vehicle. 

Although many refinements have 
been omitted to keep the price of the 
equipment down, CONTROL found that 
after ‘ driving ’ the simulator for a few 
minutes the sensation of actually being 
in charge of a moving vehicle was 
convincing. 


—_—_-———— METALS 


Auto-controlled strip gauging 


Three strip-mills in the Midlands 
which are rolling copper and brass for 
the motor-car industry, have been 
fitted with automatic gauge control by 
English Electric. One of these is LCL 
Metals, Witton, and a fourth mill, that 
of Firth Vickers Stainless Steels, Shef- 
field, which is for rolling stainless steel 
strip up to 12-in. wide, will be fitted 
with the device shortly. 

The system consists of a flying 
micrometer, a control panel and the 
main control cubicle. The flying micro- 
meter, mounted at the edge of the 
strip, measures the gauge of the rolled 
material. On a reversing mill a micro- 
meter is mounted on each side of the 
rolls, and the control cubicle contains 
three computing amplifiers, one for 
each of the two flying micrometers 
and one as a spare. 

In operation, the tolerances are set 
on the control panel, this being done 
with a multi-position switch. Toler- 
ances of 0-00025 in., 0-0005 in., 0-001 
in. and 0-0015 in. are typical. A con- 
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tinuous signal is transmitted to the 
control cubicle. When the error is 
greater than two-thirds of the toler- 
ance setting, the screw-downs are oper- 
ated and the distance between the 
rolls adjusted. 

When the mill is rolling slowly, that 
is, up to a critical speed, a sampling 
control system is used. After an error 
has been corrected an electronic time 
delay ensures that the screw-downs do 
not operate again until the corrected 
gauge has passed through the flying 
micrometer. This prevents the system 
hunting. When the speed is greater 
than the critical speed the system 
changes to continuous control under 
the automatic operation of a relay in 
the control cubicle. 


—— DATA PROCESSING —— 


Data logger for R.A.E. 


Further details have reached CONTROL 
of the equipment supplied by Honey- 
well Controls for logging information 
from the R.A.E.’s high-altitude en- 
vironmental test chamber at Farn- 
borough. The particular version of this 
equipment supplied to the R.A.E. logs 
240 variables—temperatures, pressures 
and other analogue quantities—which 
are converted to digital form and 


The sequencing switch of the Honeywell 
data logger operates through magnetic 
contacts and mercury-wetted relays 


Pin board for selection of appropriate 
input and output ranges 
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printed out on an electrical typewriter 
at the rate of one a second. 

The system is designed to give an 
unusual degree of flexibility on the 
input side, without any internal modi- 
fication. Each of the input points is 
associated with a row of fifty holes on 
a pin board. A pin in one of the first 
ten holes selects the type of input, and 
pins in the remaining holes select the 
digital output—any number up to 
10,000—which full-scale-value of the 
input is required to represent. Each pin 
board is built up from laminated 
printed circuits, the pin bringing in the 
appropriate resistors to give the cor- 
rect full-scale read-out. In this way 
the digital outputs can be in the appro- 
priate practical units. 

The reading of each input-point is 
selected in sequence by a rotary switch 
controlled by a programmer incorpor- 
ating digital-clock time-control. Each 
reading is balanced against a digital 
voltage of up to four figures, the 
balancing voltage being stable to 
within 0-01%. The balancing voltage is 
obtained from a Zener diode circuit 
using solid-state devices recently devel- 
oped by Honeywell. The measuring 
bridge is built up by a magnetic 
sequencing switch, which selects in 
logical sequence the necessary resistors 
to achieve balance. The resistors are 
switched by mercury-wetted relays of 
stable contact-resistance. 

Possible variations on the equipment 
supplied to the R.A.E. are the inclu- 
sion of alarm scanning facilities, and 
the use of two typewriters for the out- 
put logging. The alarm scanning rate 
is seven points a second. Values of 
any variable which are outside per- 
missible limits initiate visual and 
audible alarms and are printed-out on 
tape. In the logging cycle, points out- 
side limits are printed in red. 

Between logging cycles, which may 
be repeated at any interval down to a 
minimum fixed by the number of 
measuring points, any individual point 
may be selected by the operator for 
visual display. Alternatively, a visual 
display of the reading at a selected 
point can be obtained every three 
seconds. 


Redifon’s Radic 


Redifon’s newly-introduced Radic 
(Redifon analogue-digital computer) 
is intended to be an unusually-flexible 
general-purpose machine. It is claimed 
to combine the advantages of analogue 
and digital techniques—having the 
convenience of digital storage facilities 
and input/output equipment, together 
with analogue speed and ease of pro- 
gramming. A major field of applica- 
tion is expected to be the design of 
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process control equipment, particularly 
for heat exchangers and chemical plant 
where mathematical analysis is diffi- 
cult. For commercial applications a 
smaller version of the system will be 
available. A basic Radic will cost about 
£10,000, although a large system could 
cost up to £150,000. 


Fred demonstrated 


E.M.I1’s figure-reading electronic de- 
vice (Fred) was demonstrated last 
month to representatives of British 
banks. Fred is competing with French 
and American systems for acceptance 
as a standard method of reading for 
automatic cheque-sorting operations in 
the London clearing banks. 

The demonstration, which CONTROL 
attended, was of a complete sorting 
system comprising the E.M.I. reading 
device and a Pitney-Bowes/ National 
high-speed document-sorting machine, 
using cheques of various sizes. Classi- 
fication by the machine appeared to 
be correct, but a rather high propor- 
tion of the cheques were directed to 
the ‘ reject’ pocket—this pocket being 
intended for damaged or badly-coded 
cheques. 

A particular advantage of the E.M.I. 
system is that no special precautions 
in positioning the code numbers are 
required—normal printing tolerances 
being sufficiently close. Further, code 
numerals are visually recognizable, 
and this is considered by the banks to 
be important. Fred reads the numbers 
by dividing them into five bars, each 
of which is recognized as ‘ mainly 
white’ or ‘ mainly black ’. 


———— EDUCATION ———— 


Space at Cranfield 


A quick look round the Cranfield Col- 
lege of Aeronautics on its recent 
Open Day suggested to CONTROL that 
the college could be more appropri 
ately named. Cranfield—as an educa- 
tional establishment—<aters essentially 
for graduates, with or without practi- 
cal experience, and offers courses in 
many branches of engineering. Though 
most of these could be related to air- 
craft engineering in some way, the 
word ‘ aeronautics ’ hardly does justice 
to the college’s wide field of activity. 

A new course to be introduced in 
October—that in space technology— 
perhaps comes closer to the realm of 
aeronautics than most of the existing 
courses. Like the others, it lasts for 
a year and qualifies successful students 
for a diploma. The stated aim of the 
new course is to ‘stimulate an inter- 
est in the subject, and to provide post- 
graduate training suitable for future 
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One of the two unit control rooms for operating two boiler-turbo-alternator units 
at Blyth A 


workers in the field.’ The syllabus, 
which is quite distinct from that of 
the now four-year-old guided missiles 
course, combines such topics as the 
principles of flight, radio communica- 
tion, and propulsion (by either chemi- 
cal or nuclear means) with more mun- 
dane subjects like mechanical design 
and basic metallurgy. 

Cranfield is one of the few educa- 
tional organizations offering a full-time 
course in control engineering. A 
glance at the apparatus in this depart- 
ment’s well equipped laboratories 
showed that attention is being given 
to both servo-mechanisms and process 
control (see also Control at Cranfield, 
on page 156 of our May issue). The 
purpose of this course is to instruct 
in industrial control techniques—a 
separate course being provided for 
those whose main interest is aviation. 


——— — POWER —————— 


Blyth A opened 


CONTROL visited Blyth A, a CE.G.B. 
power station of 480 MW capacity, 
shortly before it was officially opened 
on June 29. Consisting of four 120- 
MW units (when the first unit was 
commissioned in December 1958, it 
was the largest in Britain) Blyth A is 
actually situated at Cambois, some 
distance from Newcastle-upon-Tyne. 
The next stage at the site will be Blyth 
B, a 1250-MW station making the 
total site-installed capacity 1730 MW. 
However, Blyth B appears to be some 
time away as yet. 


Fuel 

Coal is brought to the station by 
rail — there are over ten miles of 
sidings, in spite of the fact that the 
coal is mined locally at pits between 
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four and ten miles distant—and con- 
veyed to the bunkers under the control 
of desks situated at junction towers in 
the coal-handling system. From the 
bunkers, coal descends to pulverizers 
and the resulting fine powder is trans- 
ferred by air stream to the burners. 
Coal is fed into the mills by feeders 
driven by  constant-speed motors 
through automatically-controlled vari- 
able gear-boxes and clutches. 


Boilers 

Automatic combustion control is 
applied to each boiler. Variations in 
main steam pressure are detected and 
transmitted to the forced-draught fans 
and pulverizing mills, so that the neces- 
sary change in fuel and combustion 
air to maintain the boiler output is 
made. A change in the air condition 
alters the pressure in the combustion 
chamber, and this again is used to 
control the induced draught to main- 
tain correct conditions. Further auto- 
matic controls are used to maintain 
the correct temperatures for super- 
heated and reheated steam, and for 
keeping the water-level in the boiler- 
drum constant. 


Turbines 

The four 120-MW, 3000 rev/min 
turbo-alternators are operated on the 
unit principle of combining a boiler, 
a turbo-alternator and their principal 
ancillaries as a single operating unit. 
High pressure steam chests (two for 
each turbine) are mounted alongside 
each h.p. cylinder. These contain the 
combined stop and emergency valve 
and also a governor valve. Oil-operated 
servo-mechanisms are used for adjust- 
ing the governor valve and, under 
overspeed conditions, the oil pressure 
is released by trip rings on the h.p. 
turbine spindle and the emergency- 


stop, and the interceptor-emergency 
valves shut immediately. The steam 
inlet to the machine is controlled by 
remote operation of the governor gear, 
which in turn varies the oil pressure 
in the valve cylinders, but should the 
vacuum fail or the main pressure fall, 
unloading gear takes over from the 
governor and starts to close the gov- 
ernor valves to protect the machine. 

‘Turbo-visory’’ equipment is pro- 
vided so that any eccentricity or vibra- 
tion of the shafts can be detected, 
and indications of critical relative ex- 
pansions are also indicated and re- 
corded. 


Control rooms 

The station main control-room is 
remote from the turbine and boiler 
houses. Here the engineers have charge 
of the loading of the sets and the 
switching and metering of the 275,000- 
and 66,000-volt feeders and busbars. 
The 3300-volt station-auxiliary-supply 
system is also handled from this room. 

On the operating floor there are two 
unit control rooms for operating the 
boilers and their associated turbo- 
alternators. Each room serves two 
units, and contains all the instruments 
and controls necessary. These include 
readings of steam pressures and tem- 
peratures, precipitators, boiler-draught 
gauges, water level in drum (by closed 
circuit television), soot blowers, pul- 
verizing-mill operation and so on. 

Associated with each _ individual 
machine, but outside the unit control- 
rooms, is a special starting-desk which 
includes all the valves, turbine super- 
visory gear and instrumentation to 
start up the machines. 


——~—~—COMPONENTS——— 
Moulded circuitry 


CONTROL recently examined ‘ moulded’ 
(as distinct from ‘ printed’) circuits, 
developed in France in the laboratories 
of Société Européenne de Revétement 
Chimique. The moulded circuit is a 
new concept, relying on phenol-formal- 
dehyde mouldings, combined with 
nickel-phosphorus circuits produced 
by the Albright and Wilson Kanigen 
process—chemical deposition plating. 

All circuits, however complex, are 
produced as channels and holes in a 
rigid p-f base moulded by conven- 
tional methods. The Kanigen nickel- 
phosphorus metal is deposited in the 
channels and through the holes, after 
masking the remainder of the base 
with a chlorinated rubber (thixotropic) 
paint. Plating through the holes avoids 
the use of connectors. 

The new moulded circuit has only 
four basic production stages compared 
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with the conventional copper-clad 
printed circuit which can _ involve 
seven. The production of a double- 
sided moulded-circuit entails mould- 
ing the base, its sensitization, masking, 
and plating. 

A moulded base can be so designed 
that it will cater for several duties, 
and by drilling out connecting metal 
from through-holes, or blocking others, 
a variety of circuits may be produced. 

It is anticipated that production runs 
in excess of 5000 circuits will show 
substantial savings; one French 
authority suggests savings of 30%. 


IN BRIEF 


Capacitors: Telegraph Condenser and 
Sprague, U.S.A., have agreed that 
T.C.C. should acquire the right to 
Sprague’s U.K. patents, and that 
Sprague will make available to T.C.C. 
research, engineering and other infor- 
mation, and that both companies will 
exchange information for 21 years. 

L.C.E. Ltd., owned jointly by Joseph 
Lucas (Industries) Ltd., through their 
subsidiary G. & E. Bradley Ltd., and 


LOOKING 
AHEAD 


Unless otherwise indicated, all events take 
place in London, B.C.S. British Computer 
Society. Brit..R.E. British Institution of 
Radio Engineers. 1.E.E. Institution of Elec- 
trical Engineers. I.Mech.E. Institution of 
Mechanical Engineers. R.Ae.S. Royal Aero- 
nautical Society. S.1.T. Society of Instrument 
Technology. 


THURSDAY 7—WEDNESDAY 13 JULY 

Institution of Electronics (Northern Division) 

15th Annual Electronics and Instruments 

Exhibition and Convention. Manchester Col- 

- of Science and Technology. Details: 
. Birtwistle, 78 Shaw Road, Rochdale. 


MONDAY 18—FRIDAY 29 JULY 

An introductory course in Control Engineer- 
ing Theory and Practice. Details: Head 
of Department of Electrical Engineering, 
College of Technology, Loughborough, 
Leicestershire. 


THURSDAY 21—WEDNESDAY 27 JULY 
Third International Conference on Medical 
Electronics. Olympia. I.E.E. 


MONDAY 15—SATURDAY 20 AUGUST 

llth Congress of the International Astronau- 
tical Federation. Stockholm, Sweden. Organ- 
izing Committee: IAF-60, Box 5045, Stock- 
holm 5, Sweden. 


MONDAY 29 AUGUST—FRIDAY 2 SEPTEMBER 
Fourth London Symposium on Information 
Theory. Royal Institution. 


WEDNESDAY 31 AUG—WEDNESDAY 7 SEPT 
ual meeting of the British Association 

- —. Advancement of Science, Cardiff, 
ales. 
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Collins Radio, U.S.A., has been set up 
to manufacture Collins and other 
equipment in Britain. 

G.E.C. Applied Electronics Labora- 
tories have transferred from Brown’s 
Lane, Coventry, to The Airport, Ports- 
mouth, Hants.; telephone Portsmouth 
62271. 

Zinc smelting: Elliott Bros. (London) 
Ltd. have received a £90,000 order for 
automatic control equipment (electro- 
nic weighing) for a plant to be erected 
at Noyelles-Godault, France. 


NEWS ROUND-UP 


Germanium power transistors: Semi- 
conductors Ltd. have acquired from 
Sylvania-Thorn Colour Television 
Laboratories the production equipment 
for the manufacture of n-p-n types 
and will market them for industrial 
use. 

Lancashire Dynamo Nevelin are to 
receive a £50,000 order from Atomic 
Power Construction for two 100-ft 
long main reactor-rod control boards 
for the C.E.G.B.’s_ Trawsfynydd 
nuclear power station. 


ERRATA 
Hydraulic servos by P. D. Boyer, February—June 1960 
March, page 111. Nomenclature: K, should read Velocity per unit error or Velocity 


Constant. 
page 112. 


Fig. 3. On 500 Ib/in? line, delete P. 


On 1000 Ib/in? line, read P, = P. = 1000 Ib/in?. 
Caption to Fig. 3: line 9: T,, = r? Pep = K@¢; last line: For (P.)', 


read (P,)!. 
page 158. 
page 161. 


+ 


’ 


Eq. 58: for K read K 


Eq. 61: For a read — (the circumflex is faint in some copies) 
T 


’ 


6 6 : a ; 
Eq. 64: For —° read —* (circumflexes faint in some copies). 


€ 


€ 


Fig. 15. End of caption: for (1 + P./P-)t réad (1 + [P./Pe])! 


THURSDAY | SEPTEMBER s 
Joint Symposium on Rocket and Satellite 
Instrumentation. B.1.S. and S.L.T. 


MONDAY S—SATURDAY 10 SEPTEMBER 

2nd International Conference on Operational 
Research. Aix-en Provence, France. Organ- 
ized by: The International Federation of 
Operational Research Societies, 11 Park Lane. 


MONDAY 5—SUNDAY 11 SEPTEMBER 
S.B.A.C. Flying Display and Exhibition, 
Farnborough. 


WEDNESDAY 7—FRIDAY 9 SEPTEMBER 
Automatic Control Conference, Massachu- 
setts College of Technology, U.S.A. 


MONDAY 12—FRIDAY 16 SEPTEMBER 

A week’s Residential Course on Measurement 
for Automatic Control. University of 
Nottingham. : 


MONDAY 12—FRIDAY 23 SEPTEMBER 

The fifth Reactor School course on The 
Control and Instrumentation of Reactors. 
Durley Hall, Bournemouth. Applications: 
Reactor School, Harwell, Didcot, Berks. 


TUESDAY 13—THURSDAY 15 SEPTEMBER 

5th International Instruments and Measure- 
ments Conference and Exhibition, Stock- 
holm. Details: AB Anders Beckman, 
Smalandsgatan 2, Stockholm. 


WEDNESDAY 14—FRIDAY 16 SEPTEMBER 

Congress of the Association Francaise de 
Calcul. Registration: The Secretary, Associa- 
tion Francaise de Calcul, Institut d’Astro- 
physique, 99 bis, Boulevard Arago, Paris 14. 


WEDNESDAY 21 SEPTEMBER—SATURDAY | OCT 
Factory Equipment Exhibition, Belle Vue, 
Manchester. Industrial and Trade Fairs, Ltd., 
Russell St, Drury Lane, W.C.2 


MONDAY 26—FRIDAY 30 SEPTEMBER 
1.S.A. Instrument-Automation Conference 
and Exhibition. Coliseum, New York. 


TUESDAY 27—WEDNESDAY 28 SEPTEMBER __ 
Convention on Automatic Control. 1.Mech.E. 


TUESDAY 27—THURSDAY 29 SEPTEMBER 
Conference on Ergonomics in Industry. 
Details: Miss H. M. Clay, D.S.1.R., 14-18 
oa Terrace, Regent’s Park, London, 
N.W.1. 


TUESDAY 27—FRIDAY 30 SEPTEMBER 

A Symposium on Flow measurement in 
closed conduit. (Invitation only.) Details: 
National Engineering Laboratory, East 
Kilbride. 


LOOKING FURTHER AHEAD 


FRIDAY 7—SATURDAY 8 OCTOBER 

Aviation Electronics and its Industrial Appli- 
cations. Bristol College of Science and Tech- 
nology. Registration: Hon. Secretary, South 
Western Section, Brit.I.R.E., c/o The School 
of Management Studies, Unity Street, 
Bristol, 1. 


TUESDAY 18—FRIDAY 21 OCTOBER : 
First Effluent and Water Treatment Exhibi- 
tion and Convention. Seymour Hall. Thun- 
or Enterprises Ltd., 140 Cromwell Road, 
S.W.17. 


WEDNESDAY 19—WEDNESDAY 26 OCTOBER 
Interkama International Congress and Exhi- 
bition for Instrumentation and Automation, 
Diisseldorf. 


TUESDAY 22—THURSDAY 24 NOVEMBER 
Conference on electronic telephone exchanges. 
= The Secretary, I.E.E., Savoy Place, 


WEDNESDAY 15—FRIDAY 17 FEBRUARY 1961 
1961 International Solid-state Circuits Con- 
ference. University of Pennsylvania, At the 
Sheraton Hotel, Philadelphia, Pa., U.S.A. 


WEDNESDAY 4—THURSDAY 12 ocToBER 1961 
Second Electronic Computer Exhibition and 
Symposium. Details: D. C, Scoones, Peat, 
Marwick, Mitchell & Co., 94-98 Petty 
France, §.W.1. 
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PEOPLE 


by Staffman 


I was unable to get a photograph of 
the British party leaving for the Ifac 
Congress in Moscow, which is underway 
as I write. This was disappointing, par- 
ticularly as cCoNTROL’s Editor, Arthur 
Conway, is a delegate and I had hoped 
to obtain a photograph of him which 
would be rather more presentable than 
his quite unprintable passport photo- 
graph. However, I do have a photograph 
of the S.I.M.A. party boarding a Russian 
T.U. 104 for Moscow where their Exhi- 
bition of British Scientific Instruments 
has just ended. The party led by S.I.M.A.’s 
President, L. A. Woodhead, of Cossor 
instruments, was seen off by G. C. 
Ottway (President-elect) of W. Ottway & 
Co. I gather that it was an extremely 
successful show, about three-quarters of 
the equipment on display having been 
sold to Soviet organizations. 


Cambridge Instrument have named 
their Head Office at 13 Grosvenor Place, 
London, Cambridge House, and held a 
reception, which I attended, to celebrate 
this. It was a most enjoyable social 
occasion. My illustration shows 
G. B. B. M. Sutherland of the N.P.L., 
H. C. Pritchard and P. Dunsheath—Cam- 
bridge Instrument’s Managing Director 
and Chairman, respectively—in what 
appears to be a very serious huddle. 


The Racal organization have also been 


SUTHERLAND PRITCHARD 
celebrating 






IN CONTROL 


DUNSHEATH 


celebrating. They held a party to cele- 
brate their ten years in the electronics 
industry—digital counting, indicating and 
recording and communications equip- 
ment. The happy trio in my illustration 
are Racal’s Chairman R. F. Brown, C. P. 
Edwards of the Ministry of Aviation’s 
R. & D. Branch, and E. Fennessy, Man- 
aging Director of Decca Radar. 


I hear from Peter Axon who heads 
the British Ampex companies—Ampex 
Electronics Ltd., and Redwood City 
Engineering, the U.K. marketing sub- 
sidiary of Ampex International S.A. 
(Switzerland)—that a research unit under 
Eric D. Daniel has been set up at Ampex 
Electronics. Daniel is well known in the 
magnetic-tape recording field and has 
been with the Post Office, the B.B.C., the 
U.S. Bureau of Standards and US. 
Ampex. 


An aspect of CONTROL-consultant Denis 
Taylor’s (Director of Plessey Nucleonics) 
wide interests which is new to me is his 
championship of the ‘space’ cause. He 
told the Paliamentary and Scientific Com- 
mittee recently ‘an independent British 
space programme should certainly be 
started if we wish to retain our position 
as a key power in the long-distance com- 
munications field.” However, I gather 
that he was thinking of the use of satel- 
lites as radio relays rather than of 
































BROWN EDWARDS 


celebrating 


FENNESSY 





WOODHEAD 
and fellow travellers 


rockets as passenger transports. Other 
Plessey news includes the appointment 
of G. H. Doust as General Manager of 
Plessey International. 


John M. M. Pinkerton, the director of 
Leo Computers responsible for leading 





PINKERTON LEO 
with a pin ? 


the design team on Leo III, their tran- 
sistorized machine which has now 
reached the pilot stage, is working on 
an experimental version in my photo- 
graph. Pinkerton says, ‘ My chief job is 
to spot the winners. There is a contin- 
ual stream of new . . . techniques, new 
magnetic-recording systems . . . circuits 


working in liquid helium—in fact there 


is no end to the ideas... . 


I was amused to receive a somewhat 
terse letter from an old acquaintance, 
D. G. (David) Ashton Davies, Sales 
Manager of E.M.I. Electronics’ Instru- 
ment Division, the other day. This in- 
formed me that ‘the activities of the 
Continuous Process Control . Division, 
which included analogue computers, 
have been taken over by this Division, 
and that all future dealings between your- 
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selves and our Company, will be dealt 
with through the undersigned.’ 


I suppose that recent additions to the 
Board of Isotope Developments are part 
of the integration of I.D.L.’s activities 
with those of Elliott Nucleonics. Both 
are members of the Elliott-Automation 
Group—I.D.L. is a recent addition. J. C. 
Nutter, a director of Elliott Nucleonics, 
has now joined the I.D.L. Board, as has 
R. Y. Parry an I.D.L. man for several 
years and Manager of their Aldermaston 
Works. 


J. M. Westhead, who has been 
appointed Manager of the A.E.I. Elec- 
tronic Apparatus Division’s Valves and 
Semiconductor Sales Department, Lin- 
coln, succeeds F. Baxendale who remains 
as Consultant. Westhead’s background is 
academic—he was Oxford University’s 
demonstrator in electronics and holds a 
doctorate in physics—leavened with in- 
dustrial experience in the printing-ink 
manufacturing world. He joined the 
B.T.H. Electronics Sales Department, as 
it then was, in early 1956. 


International Rectifier (G.B.) have 


appointed several sales engineers. D. D. 
Harding, who was with G.E.C. Research, 
Wembley, dealing with transistorized 
equipment, covers the London area; 
G. W. Fisher, who was with Lea Beasley 
concerned with control and static switch- 
ing, is responsible for the Midlands; and 
G. A. Osborn, a physicist who was 
at Mullard’s Semiconductor Research 
Laboratories, handles the south-east of 
England. M. H. Ley has been appointed 
Sales Administration Manager at Oxted. 
Ley was Sales Manager at Westool 
and has been with Westinghouse and 
S.T. & C. 


AUTHORS IN CONTROL 


P. S. T. Buckerfield (Continuous numeri- 
cal control of machine tools, page 88), 
had several years in electrical power sup- 
ply engineering, prior to wartime Army 
experience of fire-control radar. He was 
later put in charge of a War Office tech- 
nical unit with the object, on behalf of 
the Ministry of Supply, of introducing 
centimetric radar to the Army and of 
field evaluation of this equipment. Join- 
ing B.T.H. at Rugby after the War, he 
was engaged on the design and develop- 
ment of an airborne electronic comput- 
ing system which is now in service with 
the R.A.F. At present he is in charge of 
a team handling the electronic aspects of 
the design and development of special 
computing systems, including those con- 
nected with the automatic control of 
machine tools. He was awarded the 
Sylvanus Thompson Premium of The In- 
stitution of Electrical Engineers in 1953. 


BUCKERFIELD TAYLOR 


Vv. N. Audigier (Control in laundries, 
page 92) joined the British Launderers’ 
Research Association in 1930 as a junior 
engineer, and was the first member of the 
staff to graduate as an external student of 
the University of London. During the 
period 1936-1950 he worked in the Tech- 
nical Services Division, being appointed 
Senior Technical Officer in 1944, In 1950 
he became Officer in Charge of the 
Applied Research Department and studied 
problems of heat transfer, heat utilization, 
mixing times during washing and rinsing, 
and kindred research problems. In 1956 
he took over as Head of the Technical 
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Services. Division. He has the major 
responsibility for ensuring that the 
laundry industry obtains the maximum 
benefit from the results of research work 
carried out by the staff of the Division. 


W. K. Taylor (A parallel analogue read- 
ing machine, page 95) graduated from the 
University of Manchester with first-class 
honours in electrical engineering and 
spent two years on control system re- 
search before proceeding to the Massa- 
chusetts Institute of Technology. At 
M.LT. he combined research on control 
and computation with post-graduate 
study in the fields of communication and 
information theory. On returning to 
England in 1953 he spent a year on 
communication research at Imperial Col- 
lege, London. Since 1954 he has been 
directing the Electrical Engineering Sec- 
tion of the Nuffield Foundation Cerebral 
Mechanisms Research Unit at University 
College, London. In 1958 Dr. Taylor 
was appointed Senior Lecturer in Elec- 
trical Engineering at University College. 


F. Walker (Transfer-function manipula- 
tion may ease simulation, page 100) 
graduated from Edinburgh University in 
1950. A two-year College Apprenticeship 
at Metropolitan-Vickers Electrical fol- 
lowed, and he then became a manufac- 
turing development engineer in the Radar 
and Servo Department. Three years later 
he transferred to the design side and 
became involved in the design of servo 
equipments for the Services and industry. 
After a further two years he became 
a founder member of the Systems Ana- 
lysis Group in the Servo Engineering 
Department. Dr. Walker derived valu- 
able experience from using analogue 
computers to study and predict the per- 
formance of complex servo systems. As 
a result of this work he gained a deeper 
insight into the stabilization problems 
associated with high-performance feed- 
back control systems. In 1959, Dr. Walker 


was appointed lecturer in feedback con- 
trol systems in the Manchester College 
of Science and Technology. 


WALKER FLEGG 


H. Graham Flegg (Laplace with an s, 
page 105) was educated at Saint Andrews 
University were he graduated in mathe- 
matics in 1949. During the latter part of 
the war, he served in the Meterological 
Branch of the Royal Air Force. After 
returning to St. Andrews to complete his 
degree, he joined the R.A.F. as an Educa- 
tion Officer in 1950. After holding a num- 
ber of appointments, including being in 
charge of training in statistics, he was 
selected to attend the post-graduate two- 
year course at the College of Aeronautics 
where he specialized in the Electrical 
Engineering Department. He was awarded 
the Diploma of the College in 1959, 
obtaining a first. For a thesis on Boolean 
matrix algebra and its application to 
computer logic, he also obtained the 
Principal’s Prize for the best mathema- 
tical thesis and the Woods of Colchester 
Prize in electrical engineering. Since 
July 1959, Flight Lieutenant Flegg has 
been a lecturer in mathematics at the 
Royal Air Force Technical College, 
Henlow. He hopes to have a book on 
computer logic published shortly, and 
has a book on Laplace transform theory 
in preparation. 


D. A. Miller (Motor transfer-function 
evaluation, page 109). See page 131, 
April 1960. 


















































































































































































































































































































































A monthly review of system components and instruments 


For further information on any item, circle 
the appropriate number on the reply card 
facing page 166. 


RECORDER/CONTROLLER 


self-balancing 


A strip-chart recorder by British Arca 
may be used as a controller by adding a 
re-transmission unit. The drive from 
servo-motor to the balancing wire is 
gear-less, ensuring freedom from back- 
lash. A two-stage phase-sensitive a.c. 
amplifier, followed by a phase-splitter, 
provides the drive for the output stage. 
Chart width is 10in., pen traverse- 
speed is less than one second full-scale, 
and chart speeds of 3, 6 and 12 in/h are 
obtainable. Mains supply needed is 200- 

250 V a.c., 50 or 60 c/s. 
Circle No 511 on reply card 


STOP VALVES 


hydraulic and pneumatic 


A range of high-pressure balanced stop- 
valves can be supplied in mild steel, 
high-duty bronze, or stainless steel, with 
various end-fittings. Designed by British 
Ermeto for use in hydraulic and pneu- 
matic systems at maximum pressures of 
8000 and 5000 1b/in? respectively; these 
valves are unsuitable for steam. 
Available with Ermeto ends (4-1 in. 
nominal bore) and B.S.P. female ends 
(#1 in. nominal bore), all valves in this 
range have non-rotating spindles and 
non-rising handwheels. 
Circle No 512 on reply card 


ELECTRONIC CALCULATOR 


for storekeeping 
A system designed for stock control in 
large organizations has a memory capable 
of storing ten thousand articles under 


Space saver 





each of five thousand catalogue refer- 
ences, a total of fifty million units. 
When goods are taken in or out of 
stock, this information is fed in to the 
unit by a system of keys, and it then 
calculates the new stock position for that 
particular item. This figure is printed by 
an electric typewriter on a form which 
is inserted for this purpose. As the 
‘answers’ are typed on the stock form, 
they also appear as illuminated digits. 
Made by The Electronic Machine Com- 
pany, this system is also of value where 
a number of branches require frequent 
stock information from a head office. 
Circle No 513 on reply card 


VALVE ACTUATORS 


wide range 


A complete range of actuators for use on 
pipelines are supplied by Rotork in 
weather-proof or weather- and flame- 
proof versions. Both motor and electrical 
compartments of the latter are Buxton 
certified for the appropriate gas groups. 
Eight sizes cover torque-ratings of 75 to 
8000 1b ft, with corresponding maximum 
thrust ratings of 12,000 to 300,000 Ib. 
All actuators have a hand/auto lever, 
which is lifted to engage manual control; 
automatic control can only be restored 
by starting the motor, so ensuring prior- 
ity of electrical control. Actuators with 
torque ratings of 1500lbft and above 
are fitted with side-handwheels, the worm 
and wheel of the actuator being used to 
provide the necessary down-gearing for 
manual operation of large size or high 
pressure valves. Motors are normally 
3-phase, squirrel-cage, complying with 
B.S. 2613. Circle No 514 on reply card 


OPTIMIZING CONTROLLER 


for automatic processes 


This controller is a unit designed to 
optimize a continuous or sequential pro- 
cess, the variables of which are already 
governed by controllers. The method 
used is to vary the set-point on one of 
the process controllers by a _ small 
amount, and to look at information from 
the process end-point and decide whether 
the set-point change has produced a 
good or bad result. If the result is bad, 
the set-point is returned to its previous 
position. In a system in which there is 
a number of controlled variables, and 
whose output index depends upon two 
or more factors, the logic system of the 
Optimat will be necessarily complex, and 






must adjust the various controllers in 
sequence. 

The device functions electronically, and 
is composed of transistor logic-units such 
as are used in the Minilog system. The 
process controls may be electronic or 
pneumatic in operation, but the informa- 
tion from the process end-point must be 
in the form of an electrical signal. Manu- 
factured by Elliott Brothers, 

Circle No 515 on reply card 


MINIATURE MOTOR 


weighing 5 ounces 
Added to an existing range is a syn- 
chronous timing motor only in. long, 
and claimed to have a running torque 
of 300zin. Available from Haydon 
(U.S.A.) in voltages ranging from 6-230 V 
a.c. at 20mA maximum, the rotor speed 
is 300 rev/min, with shaft speeds ranging 
from 300 rev/min to 1/6 rev/h. Direction 





High torque, low weight 


of rotation is optional and is changed by 
electrical control. Maximum temperature 
rise is 40°C, and maximum power input 
2:5 W. 

Two basic gear trains are made: stan- 
dard, having brass wheels, and a hard- 
steel version which will tolerate up to 
300%, normal load. Standard units (series 
42100) are designed for operation at 
60c/s, but 50 and 25c/s models are 
available. Circle No 516 on reply card 


ELECTRONIC CONTROLLER 


three-term output 
A three-term controller is presented in 
two parts: a control unit, and a choice 
of three display units which record or 
display the measured variable. Type A 
is a panel-mounting indicator, types B 
and C are respectively strip-chart and 
circular indicator-recorders. 

The control unit is fed from the dis- 
play unit with a signal depending upon 
the difference between the measured | 
variable and the desired value; from this 
it generates the three-term output within 
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TYPE PR 2400A 


FEATURES Small panel space of 144 x 144 mm 
(approx. 5}” x 5}”) - Reliable null-balancing potentiometer 
system - Easily interchangeable ranges - Transistorized 
plug-in amplifier with printed wiring - Unique chart- 
winding system - High indicating speed and critical 
damping - Scale calibration for mV or all conventional 
thermocouples - Completely mains operated. 


RECORDING SECTION Strip chart, width 100 mm, 
length approx. 9 m. The chart is wound into an exchange- 
able casette. Visible length of 100 mm. After opening the 
‘door the chart can be pulled out over a length of 80 cm. 
Chart returns automatically into the casette. 


CHART-SPEED With built-in gear box 3 different 
speeds can be selected: 10, 20 and 60 mm/h. Can be 
supplied with electro-mechanical clutch so that by means 
of external switch, chart movement can be accelerated by a 
factor of 60. 






This photograph shows the lighter weight and 
compact size of the plug-in transistorized amplifier. 






PHILIPS 


MINIATURE RELURDER 





Miniature mV-Recorder 


MINIMUM SPAN 5 mV - MAXIMUM SPAN 250 mV 
ACCURACY 0°5°%,; the accuracy can be maintained after 
exchange of range box. 

REPRODUCIBILITY 0:2°/, of span - SCALE LENGTH 100 mm. 
STABILITY 10°, mains variations have an 

influence of less than 0-1°% 

BALANCING SPEED Less than 1 sec. for full scale 
deflection; damping critically adjustable. 


RECORDING With flexible capillary stylus supplied 
from sealed ink container mounted under measuring 
carriage. Line thickness approx. 0-3 mm. 


CONSTRUCTION Sheet-metal case in grey hammer- 
tone with all plastic door. Front dimensions 144 x 144 mm; 
depth 510 mm; panel opening 138 x 138 mm. (5}” x 5}’— 
20°—54” x $$”). 


PRODUCT OF PHILIPS, EINDHOVEN, HOLLAND 





RESEARCH & CONTROL INSTRUMENTS LID 











Tick No 80 on reply card for further details 































































































































































































































































































































































[New for Control 


the range 0-15 mA. Integral and deriva- 
tive action times are respectively 3 s—30 
min, and 0-300s. Input required is 0- 
140mV d.c., and mains supply-voltage 
is 240 V, 50c/s. The EPC.2 is made by 
Fielden Electronics. 

Circle No 517 on reply card 


OVERLOAD CLUTCH 


for small torques 
Designed for the protection of unatten- 
ded automatic voltage-regulators of the 
rotary type, the Metastream clutch can 
be set to operate at torques up to 5 lb ft. 
It will, however, operate successfully at 
very low torque, and is claimed to be 
consistently accurate once set, and funda- 





Low-torque protection 


mentally more accurate than shear pins. 
Adjustment is made simply by adjust- 
ment of three projecting screws, and a 
small degree of mis-alignment between 
the two shafts is permissible. Made by 
Metaducts, this is the first of a projected 

wide range of small clutches. 
Circle No 518 on reply card 


TAPE RECORDER 


six tape-speeds 
Designed for ground-replay use in flight 
data systems, a recorder has six elec- 
trically switchable speeds from 1} to 
60 in./s. Frequency response (+ 3 dB) on 
direct mode is 50 c/s—2-25 ke/s at 14 in./s, 
to 200c/s-70kc/s at 60in./s; on f.m. 
mode (+ 0-5 dB) the range is 0-300 c/s 
(1% in./s) to 0-10 kc/s (60in./s). Carrier 
frequency at 60in./s is 48 kc/s. 

Up to 16 channels are available, and 
modular construction is used throughout. 
Made by Epsylon, power supply for the 
MR200 is 230V, 50c/s. A particular 
feature is that appropriate equalization 
for each speed is selected on a single 
switch. Circle No 519 on reply card 


AUTOMATIC CONTROLLER 


for chlorination 
This unit records and controls residual 
chlorine in treated water, varying the 
dosing rate to maintain a pre-determined 
chlorine residual. 

The device consists of a sampling sys- 
tem, which provides an electrical output 
proportional to chlorine content, the 
output being fed to the recorder and 
control unit. The control unit transmits 
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a signal to the injector, which varies the 
dose rate in accordance with the signal 
level. To prevent hunting, a time-delay 
in the cell-unit prevents a second sample 
being taken before the result of any 
change due to a previous sample has 
taken full effect. 

The recorder is available in the fol- 
lowing ranges: 0-1, 0-2, 0-5, 0-10, and 
0-20 p.p.m. Quantity of water passing 
through the measuring cell is about 5 gal/ 
h, minimum pressure required being 10 
Ib/in?. Made by Wallace & Tiernan, the 
power supply needed is 230-250 V a.c. 

Circle No 520 on reply card 


BRIDGE CONSOLE 


for precise measurement 


A comprehensive station by Wayne Kerr 
consists of a number of metal consoles 
mounted in an arc on a common plinth. 
Units may be provided to measure im- 
pedance from 20“2 upwards with an 
accuracy of 0-05% or better; impedance 
comparisons can be made to within 
0-001%. The frequency employed is vari- 
able from 50 c/s to 20 kc/s. 

Power inputs and inter-connexions are 
at the rear of the panels, leaving the 
fronts clear for connexion to the test 


items. Circle No 521 on reply card 


PNEUMO-ELECTRIC TRANSDUCER 


wide output-range 
This unit converts a standard 3-15 lb/in? 
pneumatic signal to an electrical (volt- 
age or resistance) signal. There are two 
basic models of the Taylor 708 T: one 
directly proportional, the other giving an 
output proportional to the square root 
of the input. Output is transmitted in 
five spans between 0 and 70 V, with zero 
suppression depending upon span re- 
quired; resistance models have five spans 
between 1 and 20k2. 

Linearity is given as + 0-5%, for both 
voltage and resistance models with linear 
outputs; square-root models have a devia- 
tion depending upon the nominal per- 
centage output. Ambient temperature 
limits are —10°C to + 50°C, the 


Proportional or square-root output 












ambient effect being better than 0-3%, 
for 10°C change. Supply required is 230 
or 110 V, 50c/s. 

Circle No 522 on reply card 


TACHO-GENERATOR 


limited angle 
Now available from Armstrong Whit- 
worth is a one-inch limited-angle tacho- 
generator designed to work over an angle 
of 15° on either side of the mid-position. 
The action of this device was described 
on page 136 in the December 1959 issue 
of CONTROL. 
Sensitivity is 5 V/(rad/s), which is equi- 
valent to 500 V/(1000 rev/min). A rotor 





Small-angle accuracy 


speed of 0-02 rev/min may therefore be 
measured with a discrimination of 10 mV. 
Frequency response is 3dB down at 
37 c/s, and operating torque is 500 gm cm. 

Circle No 523 on reply card 


PISTON ACTUATOR 


pneumatically operated 
Introduced for the first time in Great 
Britain is the 470 P.O.P. piston actuator. 
It can use air supplies up to 150 1b/in?, 
giving thrusts of up to 12,000 Ib. Control 
may be by pneumatic signals, or by an 
electronic controller via an electro-pneu- 
matic transducer. Response speed is 
about 4in/s, the stroking being con- 

trolled by a time-cycle ‘ intermitter ’. 
Primarily designed for use in oil-field 
applications, the actuator is made by 

Fisher Governor. 

Circle No 524 on reply card 


PRESSURE CONTROLLER 

liquid or gas 
An addition to their existing range, 
Honeywell’s Industrial Pressuretrol (P428) 
is designed for controlling or limiting 
gas or fluid pressures up to 3000 Ib/in?. 
Five ranges are available, between 30- 
300 Ib/in? and 300-3000 Ib /in2. 

It consists of a mercury switch operated 
by a corrosion-resistant Bourdon - tube, 
and can operate alone as a controller, or 
in conjunction with other instruments for 
limit, alarm or signalling service. The 
unit is enclosed in a steel case, on the 
front of which are the pressure-setting 
knobs. The mercury switch, which is 
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Single-unit panel mounting 
Commander KE electronic temperature 
indicator / recorder / controllers. 


Commanders 


inh 


control 


East and west, in a host of process industries 

and services, the versatile—still-expanding—KENT 
Commander range of instruments is contributing 
towards efficient measurement with all the 
user-advantages of component interchangeability, 
rationalization and minimum maintenance. 
Indicators, circular-chart recorders, 

pneumatic transmitters, automatic controllers 
(single-, two- or three-term), receivers, 
receiver-controllers; temperature, rate of flow, 
pressure, oxygen-percentage, level, specific 
gravity ... the list of variants 

and variables is too long to detail here. 

Among the new models on the way are those for 
open-channel flow and low-head differential 
pressure. 


Control Units 

Commander controls incorporate one of the 

Mark 30 Series of air-operated units 
(transmission available as an alternative), 
providing proportional; proportional and integral; 
proportional and derivative; or proportional, 
integral and derivative control actions. 


Brochures illustrating and describing any group of instruments in the 
Commander range will gladly be sent on application. Write or 
telephone General Industrial Contracts Dept. (Luton 2440, Ext. 8) 
for a quotation. 


masters of instrumentation 


GEORGE KENT LIMITED - LUTON - BEDFORDSHIRE - ENGLAND 


Telephone: Luton 2440 Cables and Telegrams: Kents Luton Telex 


Factories, Subsidiary Companies, and Branch Offices in London . Toronto ‘ Montreal . Vancouver 
Melbourne - Sydney ~- Johannesburg ~- Salisbury ~- Penang - Bangkok ~- Brussels - Krefeld ~- Vienna 
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Ranges to 3000 Ib/in? 


single-pole, single-throw, may be seen 
through a window in the case. An ex- 
plosion-proof model is obtainable for use 
in hazardous atmospheres. 

Circle No 525 on reply card 


TORQUE TRANSDUCER 


low noise-level 
This unit consists of a calibrated torsion- 
shaft, with an integral torsion foil strain- 
gauge and rotating transformer assembly. 
Nine sizes of the Saunders-Roe transducer 
(type 3 Mk.2) are available, with torque 
ranges between 0-1 to 0-50 Ib ft at 10,000 
rev/min (size 1), and 0-8500 to 0—20,000 
Ib ft at 1250 rev/min (size 9). 

Maximum transmitted power is 5000 
b.h.p. The electrical input required is an 
8000 c/s carrier signal, and the output 
is linear at approximately 3 mV/V. Fre- 
quency response is given as not less than 
100 c/s. 

Circle No 526 on reply card 


TIMER UNITS 


cold cathode circuitry 
Small timer units approximately 6 X 6 X 
4in. are available from B & R Relays. 
The delay period may be any one fixed 
time between 0-5 s and 5 min, but can be 
extended under certain conditions to 10 
min. Variable delays may be obtained by 
using a potentiometer, but potentiometer 
size restricts this to 0-5 to 60s. 

Supply voltage should be 170-290 V 
d.c. Accuracy is claimed to be within 
+ 5%, but this depends to some extent 
upon supply variations. 

Circle No 527 on reply card 


DIGITAL RECORDER 


fifty-channel capacity 
Designed for use where a number of 
voltages need to be recorded from dif- 
ferent inputs, this unit has a capacity of 
fifty channels, which are sub-divided into 
five groups of ten channels; any group 
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of ten may be switched in or out of 
circuit as desired. 

Automatic range changing selects 0- 
+ 9-960, + 9-960 — + 99-60, or + 99-60 - 
+ 1000 V, and polarity is automatically 
indicated. Scanning speed is either one or 
three points per second. Accuracy is given 
as 0-05% of f.s.d. on any range, and 
the input impedence is greater than 50 
MQ on the lowest range, and 5 MQ on 
higher ranges. Made by Blackburn 
Electronics, it has a total capacity of 
eleven digits (seven digit parameter and 
decimal), and requires 110 or 230 V 50 c/s 
mains supply. 

Circle No 528 on reply card 


GAS FLOWMETER 


remote indicating 


The Cobb-Slater flowmeter measures gas 
flow down to | cc/min, and has a usable 
maximum to minimum ratio of 50:1. 
The gas flow is arranged to cool an 
electrically-heated element so that the 
flow-rate governs the element’s tempera- 
ture. Maximum temperature of the ele- 
ment is between 100°C and 200°C de- 
pending upon flow range. 

The instrument is fully temperature 
compensated, and is well damped. Drift 
is stated to be negligible for most pur- 
poses, being about 0-1% of maximum 





Negligible drift 


flow during the first five minutes after 
switching on, and thereafter zero. Accur- 
acy is claimed to be within 1% maximum 
flow if required; mains supply needed 
is 210-250 V a.c. 


Circle No 529 on reply card 


CONVERTER 


analogue to digital 
This device is designed for use where the 
analogue input-voltage is related to para- 
meter value by comparison with refer- 
ence or stafdard levels. An adjustable 
scaling facility allows data input to be 
corrected according to a pre-determined 
calibration curve. Thus, where a mea- 





surement is made in a complex instru- 
mentation system, accuracy can be made 
independent of changes in the linearity 
of the instrumentation system if calibra- 
tion and subsequent measurements are 
made by reference to standard levels 
which pass through the instrumentation 
system via a time-sampling process. In 





Accurate, linear 


such an arrangement an analogue volt- 
age derived from the transducer can be 
applied to the new analogue-digital con- 
verter, together with up to five ‘ standard- 
levels ’, and the initial calibration set up 
on a patch board. The digital output 
will then represent true pressure without 
further editing or interpolation. 

Made by Bristol Aircraft, the Cavalcade 
provides an eight-line binary-digit out- 
put, and inaccuracy introduced is given 
as less than 4%. 

Circle No 530 on reply card 


ROTARY ACTUATOR 


fully cushioned 
A rotary-torque actuator incorporates full 
cushioning as standard in providing 0- 
370° rotation. This is claimed to give 
smooth deceleration at the end of each 
cycle, both clockwise and anti-clockwise. 
Bore sizes available are 4, 5, 6, 8, 10, 
and 12in., and the torque output may 
be up to 15,000 lbin., depending upon 
bore and supply pressure. Made by 
Carter (U.S.A.), distribution is by British 
Arca. When it is desirable to use no 
external supply, the unit may be obtained 
complete with built-in valving, pumps, 
meter, and make-up reservoir. 
Circle No 531 on reply card 


ELECTRONIC TACHOMETER 


fast and precise 
This instrument operates by counting 
input pulses, generated by a shaft- 
mounted pick-up, over a defined time 
interval. These pulses are displayed on 
five Dekatron counter-tubes mounted on 
the front panel. 

Speed ranges of the Brush Mk. 2 are 
1-18,000 and 1-180,000 rev/min, with an 
input head giving sixty pulses per revo- 
lution of the shaft, and a one-second 
counting-period. Accuracy is given as 
+1rev/min (limit 18kc/s) and +10 
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Wherever information on fluid flow is required, 


the de Havilland POTTERMETER 


sets new standards of accuracy and reliability — 
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eee This new turbine-type flowmeter enables major advances to be made 
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, 8, 10, in the techniques of flow measurement and control. The de Havilland 
ut may Pottermeter is the only flowmeter which offers all these features: 
g upon 
ade by ee 
British Accuracy to + 0°1% or better on repetition work, + 0°5% or better over a 20°1 range. 
“a wi Calibration remains constant for a variety of liquids over wide flow ranges. 
btained Contains only one moving part — no thrust bearings — operates with a minimum of 
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rev/min (limit 180 kc/s). Minimum input 
is 1 V at 180 kc/s, and the timing period 
is governed by a 10kc/s quartz crystal 
accurate to + 0-005%. Power supply re- 
quired is 200-250 V, 50 c/s; consumption 
150 W. Circle No 532 on reply card 


GAS CONTROLLERS 

self-operating 
A recorder-controller for supply to gas- 
burners utilizes the controlled gas-supply 
and does not require an auxiliary supply 
such as air. The system comprises an 
actuating Bourdon tube, sensitive to plant 
temperature, and a control mechanism 
which increases the opening of the con- 
trol valve in the event of a drop in plant 
temperature, and vice versa for a rise in 
temperature. 

The recorder is driven by a clockwork 
motor to reduce explosion risk, and the 
entire system is said to be leak-proof. 
The efficiency of Negretti and Zambra’s 
‘ Gas-stat ’ is not affected by normal vari- 
ations in the gas supply. An indicating 
controller is also available, which has 
no recorder and is therefore housed in a 
smaller case. 

Circle No 533 on reply card 


PRECISION POTENTIOMETER 


standard tolerance + 5% 


Available from Miles Electronics with 
overall resistance values from 1-100 kg, 
the MCD 30/FG incorporates a linear 
toroidal winding with 33 intermediate 
taps. Twin rows of terminals for these 
taps are numbered in both clockwise and 
anti-clockwise sequence, and the angle of 





Toroidally wound 


turn is 340° + 1-5°, with a 5° over-travel 
at either end. Linearity is said to be 
standard at 0-5%. 

Also available is the MCD 30/CT, a 
2-gang potentiometer designed for servo 
and computer use; up to six units of this 
type may be ganged together. 

Circle No 534 on reply card 


DATA SCANNER 


packaged system 
Consisting of three basic elements, this 
system will scan up to twenty inputs at 
a maximum rate of fifty steps per second. 
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Switching-unit 


A cycler unit feeds 15-ms, 50-V, pulses 
to the uniselector switch-unit. As each 
point is reached, a numbered key is illu- 
minated. Maximum rating of the switch 
points is 12 VA. The input unit, option- 
ally fitted, has twenty pairs of input ter- 
minals to simplify connexion to the 
switch unit. 

Made by James Scott, the Allscott 
switch, cycler, and input units are desig- 
nated type 247/1, 247/2, and 247/3 
respectively. 

Circle No 535 on reply card 


TAPE RECORDER 


wide frequency response 
The Ampex FR-600 is designed for pre- 
cision analogue recording, with a fre- 
quency response (at 60in/s) essentially 
flat to 250 kc/s, direct, or 20 kc/s, f.m. 
mode. Tape speeds are switchable at 
74, 15, 30, and 60in/s, and the tape is 
carried on an air jet, the pressure of 
which is monitored by a pressure sensi- 
tive transducer which regulates the 
torque of the tape-drive motor. 

The unit will handle either }- or 1-in. 
tape, on either 104 or 14in. reels. The 
amplifiers are all entirely solid-state, 
giving small power-consumption and heat 
generation. The tape-transporter deck 
swings out for accessibility, and the 
printed circuit boards are easily with- 
drawn for servicing. 

Circle No 536 on reply card 


CRYSTAL OVEN 


thermostatically controlled 
Measuring 2in. long by I}in. in dia- 
meter, the S.E.I. QC940 will accommo- 
date one or two Inter-Services style-D 
crystals. Nominal operating temperature 
is 75°C, and control is said to be + 2°C 
from — 30° to + 70°C ambient tempera- 
ture. The warm-up time from room tem- 
perature is 6 min., from — 30°C it is 
18 min. The unit is mounted on an 
international octal base, and will operate 
on 6:3V 1A (pins 3 and 7), or 12V 
0-5 A (pins 1 and 7). 
Heater voltage tolerance is + 74%, with 
no appreciable change in performance, 
and provision is made for an indicator 










lamp so that the thermostat can be 

monitored. Capacitances are 1 pF, across 

socket, and 2:7 pF, crystal to ground. 
Circle No 537 on reply card 


VERSATILE COUNTER 

for industrial use 
Designed for use in industry, a counter 
has a maximum operating speed of 10,000 
counts per second, and a maximum 
batching rate of 4 batches per second. 

A main frame contains the input cir. 
cuit, controls, power supplies, and an 
electromagnetic register. Into this are 
plugged up to six transistorized printed. 
circuit units selected according to the 
application, and the assembly is enclosed 
in a dustproof case. 

Five types of plug-in unit are avail- 
able: a divider unit for straightforward 
counting, a batching divider for batch 
counting, and three units giving special 
facilities. Dummy panels may be fitted in 
blank positions. One divider of the appro- 
priate type is required for each digit in 
the number to be counted, and for batch- 
ing applications a coincidence unit batch 
in addition to the dividers, Hence straight 
counting may be performed up to 999,999 
and batching up to 99,999, but these 
maxima are reduced by one digit for each 
special facility unit used. The other 
special facilities are prewarning and 
paralysis units, 

Input signals may be taken from a 
source of impedance. between 10 and 
450 k&; peak-to-peak input voltage 
should be 2-10 V. 

The Airmec N256 operates from any 
50 to 60-c/s a.c. supply, 100-130 or 200- 
250 V. 

Circle No 538 on reply card 


TIMING UNIT 


crystal controlled 
This unit is designed by Labgear to 
operate with their Dekatron counter 
(D 4131), or printing counter (D 4123). It 
consists of a crystal controlled oscillator, 


and a glow-transfer-tube divider-chain 


# 


i clea 





Accurate, stable 


of five stages. Two selector glow-trans- 
fer tubes are used to display counting 
and read-out time intervals. 

The tube which determines read-out 
time is driven by one-second signals after 
completion of the count period, and 
appropriate signals are obtained via the 
rotary selector switch from selected 
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high pressure couplings 


are practically unlimited 


Ermeto high pressure couplings are specified by 
many leading manufacturers because of 
their proven reliability under arduous conditions. They are 
availabie in mild and stainless steel, brass and aluminium alloy. 

Couplings, vaives and flexible hose are supplied in 

a wide range of standard fittings. Non-standard 

fittings can also be made to meet your specifications. 

Technical information and our illustrated catalogue 
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cathodes giving read-out times of 1, 2, 
3, or 5 seconds. Counting-time periods 
are 0-1, 0-6, 1-0, 6-0 and 10-0 seconds. 
Oscillator frequency is 10 kc/s, and accur- 
acy is stated to be 0-005%. The incor- 
porated stabilized power supply requires 
110 or 200-250 V a.c., at 40-60 c/s. 
Circle No 539 on reply card 


QUICK LOOK 


Voltage dividers made on magnetic alloy 
toroidal cores are claimed to give 
accuracies of one part in 10°. They are 
available from Colvern for operation at 
either 400 or 50 c/s. 

Circle No 540 on reply card 


Portable thermometer. Gossen’s Mavo- 
therm is now available from Aveley. 
Two calibrated probes are provided to 
allow access to difficult locations. Mea- 
surement of liquid or solid temperatures 
may be made in two ranges: — 20 to 
+ 90°C, and + 90 to + 200°C. Accuracy 
of this battery-operated unit is given as 
= 2°C, Circle No 541 on reply card 
Potentiometers. A range of miniature 
trimming potentiometers covers types for 
panel mounting, or mounting on printed- 
circuit boards. Resistance ranges are 
available between 10 and 50k, and the 
temperature range is 55°C to 180°C. 
Rating is 2} W at + 50°C, derating to 
4+W at + 150°C. Made by Miniature 
Electronic Components. 

Circle No 542 on reply card 


Liquid blender. This machine is designed 
to blend two or more fluids just prior to 
delivery, in order to avoid ‘ settling-out ’. 
Each cylinder is interlocked, so that no 
mixture can be obtained if one consti- 
tuent is missing. Made by Suba 
Hydraulics. 

Circle No 543 on reply card 


Electro-pneumatic converter. A unit 
which converts direct current signals to 
a pneumatic output of 3 to 15 1b/in2 
will work from standard controller-out- 
puts (0-15, 3-15, 4-20mA etc.). Supply 
pressure needed is about 20 lb/in?. Made 
by Fielden, the converter is said to be 
unaffected by vibration. 

Circle No 544 on reply card 


Analogue computer. Shorts’ Simlac 
Minor has a capacity of 32 amplifiers 
and 100 passive units. It is housed in 
two 19-in. P.O. type racks, and overall 
accuracy is given as 0-1%. Designed for 
users requiring facilities between Simlac 
major and the standard 18-amplifier com- 
puter. 


Circle No 545 on reply card 


Chronometer. Scheduled for production 
later this year, a crystal-controlled unit 
by Sperry will drive up to 400 slave 
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clocks with an accuracy of 15 seconds 
per year. 

The chronometer feeds half-second 
pulses to the master transmitter, which 
sends out frequencies or pulses to drive 
subsidiary systems; outputs so far avail- 
able are 1600, 800, 200, and 50c/s, and 
4- and 1-second pulses with a 1: 1 space 
ratio. 

Circle No 546 on reply card 


Bin-level transmitter. For use with pow- 
dered or granular materials, this trans- 
mitter will work at a diaphragm pres- 
sure of 20z. Made by Elliott Brothers, 
it can be provided with one or two 
change-over switches. Switch contacts 
are rated at 5 A. Two models are made, 
one for light materials, such as flour, the 
other for heavier materials. 

Circle No 547 on reply card 


Gold bonded diodes. A range by A.E.L. 
is designed to give maximum forward 
currents of 100 mA at 25°C, with a volt- 
age drop of 1-1 V. Designated CG.80-H 
to ©G.83-H, maximum peak-inverse 
voltages are 100, 75, 50 and 25V re- 


spectively. Circle No 548 on reply card 


Voltage regulator. A unit by Tel-Instru- 
ments (U.S.A.) consists of a closed-coop 
servo-system controlling a_ steplessly 
variable auto-transformer. Model 650 
operates over 50-70c/s with a regula- 
tion of 0-5%. Available for bench or 
rack mounting, ranges are 105-125 V or 
210-230 V a.c. 

Circle No 549 on reply card 


Lifting jacks by Consolidated Pneumatic 
Tools may be used as linear actuators. 
Eight units cover a range of 2-10 tons, 





and all have a common lifting-speed so 
that various sizes can be used in com- 
bination. Circle No 550 on reply card 
High power rectifiers. Silicon-diffused 
junction devices by Joseph Lucas are 
designed to give forward currents of 35 A 
(series DD 71) and 100 A (series DD 81). 
They are stud-mounted, with the stud 
which ever polarity is required. 

Circle No 551 on reply card 


Air-flow indicators, working up to 100 
Ib/in?, are available from Rotameter. 
Metering elements are normally cali- 
brated 1, 2, and 3 ft?/h, but tubes and 
floats calibrated for other gases and flow 
rates can be supplied to order. 

Circle No 552 on reply card 
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Photocells. On-off control using cad- 
mium sulphide cells is discussed in a 
pamphlet from Mullard. 

Circle No 554 on reply card 
Annual report and statement of accounts 
for 1959-60 has been issued by the In- 
dustrial and Commercial Finance Cor- 
poration. Circle No 555 on reply card 
Components for control systems are listed 
in a condensed catalogue (D31) from 
Automatic Timing and Controls (U.S.A), 

Circle No 556 on reply card 
Chlorine content recorders are described 
in a leaflet (S/180) from Wallace and 
Tiernan. Circle No 557 on reply card 
Humidity indicators. Publication H23 
from Negretti and Zambra describes 
electrolytic differential humidity indica- 
tors. Circle No 558 on reply card 
Frequency sampling coder. A _ leaflet 
reference SEB.334 describes Bristol 
Electronic’s Fresco, designed for high 
accuracy telemetering. 

Circle No 559 on reply card 
Torque motors and a.c. servo-motors are 
shown in leaflets W1/1 and W.23 respec- 
tively from Elliott Brothers. 

Circle No 560 on reply card 
Test gear for communication equipment 
by Siemens and Halske is illustrated in 
a catalogue from R. H. Cole. 

Circle No 561 on reply card 
Water meters and orifice fittings made by 
George Kent are described in publica- 
tions 109 and 281 respectively. 

Circle No 562 on reply card 
D.C. motors, synchros, and servo com- 
ponents are illustrated in a pamphlet 
from Pullin. Circle No 563 on reply card 
Saturable reactors up to 300kVA are 
detailed in a leaflet from Haddon. 

Circle No 564 on reply card 
Annunciators. The Panalarm system is 
described in catalogue 100B_ from 
Panellit. Circle No 565 on reply card 
‘Binary counting circuits using alloy 
junction transistors’ is the title of an 
application report (MK/144) from S.T.C. 

Circle No 566 on reply card 
Data processing: a full description of 
L.C.T.’s 1301 system is given in a 30-page 
booklet from Computer Developments. 

Circle No 567 on reply card 
‘ Cutting production costs’ is the title of 
a booklet from Fireye Controls detail- 
ing case studies in the use of electronic 
control. Circle No 568 on reply card 
Digitizers and equipment for data pro- 
cessing are shown in a catalogue from 
Hilger and Watts containing data sheets 
and notes. Circle No 569 on reply card 
Solid-state magnetic tape system. The 
Univac by Remington Rand is shown ina 
6-page leaflet Circle No 570 on reply card 
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PROCESS CONTROL INSTRUMENTS 


FOR ANY INDUSTRY 
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Taylor Controls Limited Hale End Road, Walthamstow, London, E.17. LARkswood 5533 


U.S.A. 


A subsidiary of Taylor Instrument Companies, Rochester, N.Y 
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Automation 


Automating the Manufacturing Process by George F. Hawley. 
Reinhold Publishing Co. 1959. 147 pp. £2. 


There must be as many notions about the meaning of the 
word ‘Automation’ as there are exponents of the topics to 
which the word is supposed to refer. The author of this book 
begins by considering some of these notions. Having rejected 
everything smacking of avant gardisme, he introduces ‘ auto- 
mation’ to the reader as a steady progress stemming from 
Adam Smith’s thesis on the division of labour, and continuing 
with the specialized automatic production machines of the 
present day. Sensing devices, feedback control, and punched- 
card or tape input are dismissed from the field in fewer words 
than this present sentence contains. Thus shorn of those 
developments that have made the subject worthy of a new 
name, ‘automation’ is presented as ‘an executive function, 
an administrative attitude ’. 

Mr. Hawley writes as both an engineer and an administrator, 
and has some very definite points to make on the economic 
feasibility of development projects and on the organization of 
outside contract work. The major part of his book describes 
the successive stages in the evolution of an automatic pro- 
duct-handling machine, which he follows through in consecu- 
tive, lively chapters. The use of automatic control mechanisms 
is not considered until the later stages of the development. By 
this time, the machine is supposed to have been modelled, 
engineered, and even fitted with hand cranks, safety guards 
and jog switches! No wonder, then, that automatic control 
again receives the cold shoulder. 

The book is well produced and profusely illustrated with 
explanatory figures. It is a sign of the times that a drawing of 
a hand crank is included for the benefit of those whose know- 
ledge of the automobile does not extend back to the pre- 
self-starter era. The rest of the book, with a few exceptions 
that must include the word ‘automation’, could well have 
been written in 1939 or even earlier, The fact is—it wasn’t. 


E. J, C. FOWELL. 


Electronics 


Industrial Electronics and Control by R. G. Kloeffler. John 


Wiley & Sons, New York. Chapman and Hall, London. 1960. 
540 pp. £4. 


The author opens his text with the sentence ‘Electronics is 
a magic word’. The text leaves the reader feeling that elec- 
tronics is itself magic, requiring no explanation by those who 
believe in magic, and capable of no explanation for those who 
do not. As an example, it is stated (p. 66) that ‘the amplify- 
ing action within a junction transistor is sometimes difficult to 
attain’, and that ‘a helpful approach to an understanding is 
through the medium’ (this might be an apt place to end the 
quotation!) ‘of an equivalent circuit’. There then appears a 
grounded-base, linear, equivalent circuit, but with the caption 
Equivalent circuit of a transistor. Later, the vacuum-tube- 
amplifier equivalent circuit (Fig. 31, p. 142) is similary intro- 
duced. In neither case is there any derivation, or explanation 
of the limitations of such equivalent circuits, neither is there 
any recognizable sign convention for the interpretation of the 
meaning of the equations subsequently developed. 
Criticism must also be made of :— 
(a) The use of unconventional notations in diagrams (e.g. Fig. 
13 (6), p. 277) which are neither self-explanatory nor 
described 






(b) the loose use of words which have a precise physical 
meaning (e.g. the word capacity in line 5, p. 284), 

(c) the appearance of incorrect factual remarks (e.g. as in the 
sentence commencing on line 5, p. 283). 

Professor Kloeffler claims to have written ‘a survey of the 
theory and applications of electronics in industry . . . to meet 
the requirements of students in mechanical, chemical, and 
industrial engineering . . . whose training has not included 
the basic theory of semiconductors and electron tubes’. One 
feels that this omission still persists. R. A. WOODROW 


Fundamentals of Electronics by E. Lurch. John Wiley & Sons, 
New York, Chapman & Hall, London, 1959. 631 pp. £3 6s. 

On browsing through this book the experienced reader may feel 
that the author has covered the whole gamut of basic principles 
in the field of electronics. The discerning reader, however, will 
notice the omissions. Conspicuous by its absence is the magnetic 
amplifier, which one must infer is now a museum piece in the 
U.S.A. Fortunately the device which has superseded the mag- 
netic amplifier in the higher power range (i.e. the controlled 
rectifier) is described, though but briefly, yet no mention is 
made as to how the triggering is effected in control systems. 

The analyses of the many thermionic valve and transistor 
circuits go hand in hand, with the former taking precedence— 
how long is this to last? The author stresses in his preface that 
his book is in no way a designer’s handbook, and is almost 
apologetic in his re-emphasis of this point at the beginning of 
several chapters. This book has been written especially for 
students and those in engineering not involved in design, whose 
mathematical background is limited, in all spheres where elec- 
tronics is applied. The author’s style, concise though facile, 
allows one to glide over the pages in a manner not usually 
experienced in the realms of technical literature. 

The presentation of the material follows a logical sequence, 
and the diagrams are up to the usual high standard found in 
American textbooks. In brief, yet another winner from the 
house of the famous American publishing firm. Paradoxically 
enough, the British reader may experience a feeling of despon- 
dency after reading this book. Attribute this to the fact that 
the Americans have further increased their lead in the technical 
literature stakes. F, WALKER 


Computers 


A Simple Approach to Electronic Computers by E. H. W. 
Hersee. Blackie & Son: London. 1959. 104 pp. 12s 6d. 


A compact and neatly produced little book, this sets out to 
explain in easy terms the working principles of digital and 
analogue computers. The text is aimed more at the intelligent 
and general reader than at the engineer or mathematician, but, 
for those technologists who have been too busy with daily 
problems elsewhere to pick up the new language, it is very 
good. L. P. REEK 


Literature Received 


es of Electronic Brains by Leon Bagrit. B.B.C. 1960. 4 S ee 
B.LS.R.A. Annual a 1959, British Iron & Steel Research a 
ciation. 1960. 158 p * 72 


British se Rasta ea Research Association, 12th Annual a 
1960. 39 pp. 


National Laboratory R for —_. Department of oan 
tific and I coed Research. 1960. 140 pp. 8. * 704 


Automatic Translation by D. Yu, Panev. Meeaies Press Ltd. nal 
73 pp. £1 Is. * 705 


Numerical Methods for High . 
lliffe & Sons Ltd. 1960. 166 pp. £2 2s. 
The Radiochemical Centre. The United Kingdom Atomic cn 
Authority. 1960. 24 pp. 5s. * 


Glossary of Atomic Terms. Technical Writers Section of the Public 
Relations Branch of the U.K.A.E.A. 1960. 54 pp. 3s. 6d. * 708 


Computers by G. N. Lames 








& Circle the relevant number on the reader information card facing page 166 
‘or further information. 
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The AMPEX FR-100B is a high performance , 
instrumentation magnetic tape recorder suitable for a wide variety of 
industrial and scientific applications. In manufacturing it is used extensively 
in both machine tool and process programming. In research it will record 
such diverse things as the thrust measurements of a jet engine, cosmic ray 
counts from a satellite, or vibration data developed in testing a 
new car body. This information can be recorded by direct techniques, on 
an FM carrier, by pulse duration modulation, or through NRZ 
digital techniques. It is capable of recording up to 14 analogue or 16 digital 
tracks, operates at any of 6 standard speeds from 17% to 60 inches per 
second...can be modified for other speed combinations. And, depending on 
the system used, it will record from a direct current signal up to 100 
kilocycles, +3 db. The FR-100B will also reproduce tapes it has recorded, or 
those made on similar Ampex machines. |.R.|1.G. compatible at no extra 
cost. For complete information on this remarkable recorder write to Redwood 
City Engineering Ltd., Arkwright Road, Reading, Berkshire 


ab abzi ah al 
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Why struggle with Mains Voltage 


If you have any problems involving a.c. voltage 
regulation,’ the solution is to call in * Advance ’— 
the Constant Voltage Transformer specialists. 
Investigation of your problem may prove that a 
standard type ‘ Volstat’ will meet the case ; or 
maybe, a special design is called for. In either 
event, the wealth of experience gained by 

* Advance’ over many years in probing every 
aspect of mains stabilization provides the surest, 
quickest, and certainly the most economical, 
solution to your difficulties. 


VOLSTAT. 


CONSTANT VOLTAGE eee \| 


‘VOLTAGE STABILIZATION’ 


This ‘Advance’ Booklet gives authoritative 
information on ‘Advance’ Constant Voltage 
Transformers, and the service available to deal 
with your particular voltage fluctuation 
problems. Send for a copy. 


POST THIS COUPON TODAY e 


Advance COMPONENTS LIMITED 


en MAINS STABILIZATION DIVISION FT) 
ROEBUCK ROAD « HAINAULT « ILFORD « ESSEX + TELEPHONE : HAINAULT 4444 


bi 
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Fluctuation ? 


ete 


© Advance 


XT 
| 


X 


K \ To ADVANCE COMPONENTS LIMITED, 
| \_ | ROEBUCK ROAD, HAINAULT, ILFORD, ESSEX 


"Please send me a copy of your booklet 
\ / ‘Voltage Stabilization” by ‘Advance’ 
NAME 
POSITION 
COMPANY 
ADDRESS 
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For the 
designer and 
engineer... 


S. S. White Flexible Shafting 
provides a method of posi- 
tive manual control for 
many types of valves which 
may be located in positions 
otherwise difficult to reach. 


A technical handbook of great 
interest to engineers is available 
on application to Dept. C. 
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The AMPEX AR-200 
is an analogue magnetic tape 
recorder for airborne or mobile use. 
A completely integrated system, it 
occupies just 1.6 cubic feet of 
space and weighs only 95 pounds. 
The AR-200 performs reliably 
from —54°C. to +71°C., at 
altitudes to 100,000 feet, and will 
withstand 15g shocks and 10g 
vibration. Electronics are all 
solid state, and the recorder 
operates 28 volts DC. Converters are 


available for use with other power 
sources. Standard speeds are 1%, 
3%, 72, 15, 30 and 60 inches per 
second. AR-200 can be used for 
direct, FM-carrier, PDM or digital 
recording. Models are available 
for up to 14 analogue tracks 
or 16 digital tracks. |. R. |. G. 
compatible at no extra cost. For 
specifications write to Redwood City 


Engineering Ltd., Arkwright Road, 
Reading, Berkshire 












ater VOb RM w lels \eneel ia kee v) ie 
OF FLEXIBLE POWER AND 
REMOTE CONTROL SHAFTING 









THE S. S. WHITE DENTAL 
MFG. CO. (G.B.) LTD. 
IMNBUSETRIAL BOIVISIo@rnm 


Britannia Works, St. ane 
Way, London, N.W. 
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Automatic Gontrol 


for Water Tube boilers 

Shell boilers - Marine boilers 
Industrial Processes 

Heat exchangers, thermal and nuclear 


The John Thompson La Mont auxiliary boilers as supplied to the 
Alfred Holt shipping line are fitted with automatic controis by 
John Thompson Instrument Co. Pressure controls, high pressure 
cut-outs, flame failure and air flow controls are linked with 
multiple safety features to give a compact reliable system. 


A section of the remote control, push-button 
unit, showing some of the timers, relays and 
contactors. 


(me A John Thompson Flame The control panel housing the pressure 


Failure unit fitted to the controls manuallautomatic switch lever, ee 
burner. pressure, temperature and draught gauges. ( 


JOHN THOMPSON INSTRUMENT CO LTD : WOLVERHAMPTON hs 


MF Sa 


me 
industrial bells 


The belt illustrated is model 8/225/120, 8” gong, suitable 
for connection direct to AC mains. Write for leaflet giving 
full specifications of the complete range. 


V&E FRIEDLAND LTD Macclesfield Cheshire 
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‘] 
ONE OF OUR . - 
BIGGEST JOBS IS \ 4MM— 
70 GET PEOPLE TO REAL'SE > THAT WE 
THAT WE DONT. JUST = DON 1 VST wn 
MAKE THE WORLDS FINEST ae | % 
TV AND RADIO SETS > FINEST. ™ 
(WELL We CANT HELPIT » OWNES- 
IF THAT'S WHAT ep, 
THEY CALL THEM) 


WE ALSO TVRY \ 
OUT A LOT OF REALLY 
OUTSTANDING INDUSTRIAL 


CONTROL PRODUCTS 
LIKE— 


— THIS FREQUENCY 
€ TO ANALOGUE CONVERTER 
MRC 2061 


— AND THIS 


TRI? mca — AND THIS BELT 


WEIGHER INTEGKATING 


oc 


9 COME To THINK OF 
f IT WEVE BEEN MAKING 
SPECIALISED ELECT RpgIC 
DEVICES SIN 
: AND DOING ‘ SQ WEL AND 4 ( WELL IF THAT 
SELLING SOMUCH OF IT THA DOESNT D0 THE 


WHEN PEOPLE SAY-‘AH. SENDING IN FOROUR 


\ WE GET JUST A BIT HURT TRICK AND GET THEM 
MURPHY, OF COURSE — / LITERATURE ABOUT 


ALL THAT INDUSTRIAL 
CONTROL 
: ay 1PMENT....) 


WIRLDS FINEST TV 
AND RADIO SET6! 


= =» 


MURPHY RADIO LIMITED 
ELECTRONICS DIVISION 
WELWYN GARDEN CITY, HERTS. 
Telephone: Welwyn Garden 3434 
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‘DIAMOND H 


SERIES B.R. & B.S. 


4 POLE DOUBLE THROW RE LAYS 


MINIATURE-HERMETICALLY SEALED FOR HIGH PERFORMANCE AND 


CONTACT Up to 10A 30V DC and 115V AC resistive also dry 
RATINGS: _ circuit and other special ratings on application. 
TEMPERA- SERIES BR — 65°C to + 200°C Max. 


TURE RANGE: SERIES BS — 65°C to + 125°C Max. 


VIBRATION & Up to 8000 CPS in excess of 20G'S 
SHOCK: Mechanical shock in excess of 1000G'S 


OPERATING Less than 12 to 50,0002 On type BS coils are 
COILS: separately sealed hermetically within the sealed case. 

WEIGHT : 4 ozs. Max. 

MOUNTINGS : 10 different mountings including plug in and screw and 


stud terminal block available. 
General Purpose Relays, Polarised Relays also available 


DIAMOND H’ SWITCHES LIMITED. 
GUNNERSBURY AVENUE. CHISWICK, LONDON, W.4. 
Telephone: Chiswick 6444 Grams: Diamonhart Chisk, London 









Your guarantee of satisfaction 


Always refer to the 


STANLEY 


“A” EDITION CATALOGUE 


The ‘‘Stanley” range comprises all that is best in:— 


Surveying Instruments and Equipment. 
Drawing Instruments. 

Drawing Office Equipment. 

Drafting Machines, Drawing Scales. 
Mathematical Instruments :— 

Planimeters, Integrators, Integraphs, 
Harmonic Analysers, etc. 


Copies of the “A” Catalogue will be sent on request (Con.A1) 





Head Office & 


Main Works.- NEW ELTHAM, LONDON, S.E.9 


Phone: ELTham 3836. Grams: “Turnstile” Souphone London 


Showrooms:— 
78/80 High Holborn, London, W.C.1 (Phone: HOLborn 2684) 
Branches:— 
smi 13 Railway Approach, London Bridge, London, S.E.1 (HOP 0871/2) 
Ww. F. STANLEY & Co. Limited. 52 Bothwell Street, Glasgow, C.2 (Central 7130) 
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now appearing in wide variety 


Honeyy e@ i 
top performance 















Improved production facilities 

now make it possible for Honeywell to offer a wider 
variety of first class pyrometric equipment. 
Thermocouple assemblies now available for your 
every need and purpose show these star features: 


‘Topmost’ Accuracy . . . achieved by careful 
testing and matching of thermocouple wire. 
Premium grade wires for exceptional accuracy. 


‘Topmost’ Response Speed . . . unique butt-welded 
hot junction minimises heat capacity and produces 
rapid response from smallest temperature change. 
Sales engineering, initial and periodic service, 
arranged from any of 10 Branch Offices in the U.K. 
Sales Offices in the principal cities 
throughout the world 


‘Topmost’ Variety . . . metal tube, ceramic 
tube ... exposed tip, angle, injection moulding, 
glass feeder, mineral insulated... 
thermocouples of every specification to measure 
temperature in ranges from-300°F to 2700°F ... 
thermocouples with special materials 
for use up to 4000°F.. All are supplied 
with suitable mounting attachments for 
individual needs. 


WRITE OR SEND THE COUPON TODAY 


to Honeywell Controls Ltd, Ruislip Road East, 
Greenford, Middlesex. Waxlow 2333 

*‘Topmost’ Tolerances . . . for 
compensating leadwires, 
ensuring accurate measurement 
at low cost. Leadwires are 
available with a wide range 
of insulating materials, 
including asbestos over enamel, 
polythene or plastic over PVC... 
flexible rubber . : . lead sheaths. 


I am interested in your range of thermocouples 
Please send me a copy of your ‘Buyers’ Guide’ 


NAME 


| 
POSITION - | 
... and to complete the range: | 
Radiamatic Radiation Pyrometers 
(for temperatures between Si ee" eal 
125°F and 7000°F) and 4 I cs cies ce ln ee saa an nt ee is ee es 
Resistance Bulb Assemblies 
(for temperatures between 
-200°C and 500°C). 


ADDRESS 


Honeywell 
iH) Fiut on Coutal 


SINCE 18865 
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NOW THERE ARE EIGHT 
BERCO 
































































Ohms CURRENT RATINGS | 
+ 10% iso | L75 L.300 | L.S00 | 
i 7.07 8.66 } 10.00 12.50 15.0 17.3 22.3 
TOROIDAL RHEOSTATS) } | 3% | 32 38 92 (22 | |B 
| 3 4.08 5.00 5.75 7.07 8.66 10.0 | 29 
| 5 3.16 3.88 4.77 5.48 6.71 7.75 =| 10.0 
7o | tse | tas | ays | 348 1 3 | 899°) SR) Se 
aad 15 129 «| «183 «| «(234 y ie | 367 | 4 ‘ 
So popular has the original range of five a | im | tat | ts | de | oe | om | oR | OS 
Berco rheostats become that three new 7 | ce | ‘se | too | ts | ta | ts | ko | ose | 
models have been introduced. Like all 100 ‘500 707 | B66 | 100 123 | 50 | 173 223 | 
Bercostats they have five important 4 3e1| 300 min | yor | “es | vas | uae | toe 
features iain 350 .268 .378 463 | 535 655 | 803 92% 1.19 
’ 500 224 316 | .388 447 548 671 775 | 1.00 
1,000 . ; - 74 aS | 316 .388 474 548 - 
# VITREOUS ENAMEL BONDED y's00 | coo | ‘at | ‘173 | 00 | -48 | ‘300 | ‘Sue | “as 
‘ 5,000 _ -100 .123 141 .173 .213 245 | 315 
#® HIGHEST MECHANICAL STRENGTH uae —- | t tts :° -173 | 34 = 
# MAXIMUM ELECTRICAL 15,000 a ‘ ~ = = =~ | = 








PERFORMANCE 


# MINIMUM SIZE IN RELATION TO 
POWER DISSIPATION 


# CAN BE USED IN TROPICAL 





Ask for list 613A, which gives 
full technical details and prices 
from :— 










THE 
SITUATIONS WETHOUT 
MODIFICATION BRITISH ELECTRIC 
RESISTANCE CO. LTD. 
Queensway, Ponders End, 
Middlesex. 


‘Phone : Howard 2411 
*Grams : Vitrohm Enfield 
Pioneers of the toriodally wound 
rheostats in England. 
BR 1331-8XH 





NUCLEAR 
fock INSTRUMENTATION CHEMICAL 


ELECTRONIC 


LABORATORY 
fock CONDUCTIVITY BRIDGE 





This mains-operated instrument has a bridge frequency 
of 1500 c/s, and covers the very wide range of 0.05 to 
1 x 10° micro mhos in seven ranges. 





A portable fully -transistorised 
bridge is also available. It covers 
the range of 0.5 to | x 10° micro 
mhos in six ranges. 








A. M. LOCK & CO. LTD. 






79 UNION STREET, 
OLDHAM, LANCASHIRE 


Tel.: 

















MAIN 6744 
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One of the widest ranges 


in the world 
AUTOMATIC CONTROLS LTD 


UES 
ae 


FUEL OIL VALVE 


ai —air operated 
; Size }"—}” B.S.P. 


WE HAVE 
THE ANSWER TO 
MANY INDUSTRIAL 
CONTROL PROBLEMS 


Whatever the application, whatever the medium or operating temperatures 
the Black range of solenoid or diaphragm operated valves and 
pressure switches can find a place in your control lines. 


Black Automatic Controls Limited 


LEAFIELD, CORSHAM, WILTS Tel: Hawthorn 136 
A Member of the Elliott Automation Group 
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“ACCESS’ 


(Austin Cold-Cathode Electronic Switching system, made under 
licence from the Austin Motor Co. Ltd., and Hivae Ltd). 
ACCESS, a static switching system using Cold-Cathode Tubes, 
possesses the advantage of self indication. 


MASTER CONTROL CUBICLE 


This control system is suitable for many 
applications including complex machine 
tool and conveyor installations. 


Write for Technical Literature. TYPICAL APPLICATION—METALWORKING TRANSFER MACHINE 


THE DONOVAN ELECTRICAL CO. LTD. 


(ELECTRONICS DIVISION) SAFUSE WORKS * NORTHCOTE ROAD - STECHFORD - BIRMINGHAM 33 
Telephone: STECHFORD 2277 (5 lines) 





\ Wh ver 500 


combinations of termination 


BIFURCATED + TURRET - STUD + INSERT 


now wallable [ 


gp NDDDDRLNLLE 


/ eLECTRo Tees. 


f HIGH-VOLTAGE 


» METHOD? ses 


Data QR LTD ro5ss® 


t ELECTRO METHODS LTD., Electrical Connector Division, 
onset HITCHIN ST., BIGGLESWADE, BEDS. : Biggleswade 2086 (3 lines) 
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Step up your 
plant efficiency GO 


(Photographs by courtesy of the Bowaters Organization and !.C./ Ltd.) 


EKCO Nucleonic Gauges provide an An Ekco Automatic Standardisation Gauge shows 

ideal solution to many of the prob- prominently in this front view of the dry end of a 

lems connected with quality control of 280 in. Fourdrinier Machine producing newsprint. 

materials produced by continuous- Two measuring heads, one on each side of the sheet, 

flow processes. are employed in this Ekco Nucleonic Gauge installa- 

They give continuous, accurate mea- tion. The machine is a Bridges 3-bowl calender, pro- 

surement of thickness or weight per ducing PVC coated fabric in one of the largest factories 

unit area, at the earliest possible stage manufacturing leather cloth in Great Britain. 

of manufacture, without contact with 

materials. Because Ekco Nucleonic Gauges work to 

EKCO Reliability. All EKco Nucle- exceptionally low limits of tolerance they :— 

onic Gauges are built to maintain SAVE EXTENSIVELY ON MATERIALS 

their high standards of efficiency and 
P GREATLY REDUCE START-UP TIME 

to give easy, Jow-cost, trouble-free 

operation. They are used by leading 

industries the world over. 


One of our Technical Representatives will gladly call to discuss 
> how Ekco Nucleonic Gauges can step up your plant efficiency. 
* 
> nucleonic gauges 
> 


EKCO ELECTRONICS LTD . SOUTHEND-ON-SEA - ESSEX - SOUTHEND 49491 


GIVE IMPROVED PRODUCT UNIFORMITY 


wessis 
Tick No 100 on reply card for further details 147 
‘x 


CONTROL july 1960 





Tick No 101 on reply card for further details 


HIGHEST PERFORMANCE — LOWEST COST 
pe navicanD TORQUE MOTORS - seni 2 


Compact, Light, Precision-Built: Suitable for Industrial, Aviation and Missile applications. 


The following are characteristics of a typical model from the wide range of 
de Havilland torque motors :— 


(i) Maximum deflection + 0°15 radians (17° total) 

(ii) Maximum torque 1,500 gm. cm. in central position 

(iii) Deflection sensitivity 0°0092 radians/mA (differential excitation ) 
(iv) Torque sensitivity 7°6 gm. cm/mA (differential excitation) 

(v) Hysteresis less than 1°5% of amplitude 


(vi) Threshold Resolution (Friction Level) — torque motor responds to 
0°1% of full scale current 


(vii) Natural frequency approximately 500 c/s 

(viii) Windings — 2 coils, 510 ohms each 

(ix) Vacuum impregnated 1000V insulation 

(x) Weight 4°5 oz. 

This model has an impedance suitable for differentia! magnetic amplifier drive 
and is intended for driving a low stiffness load. 

The unit is also available with windings from 10 ohms to 8,500 ohms 


per coil to suit other types of driver amplifier. 
In addition, models with the following special features are availa} 


(a) Outputs up to 2,500 gm. cm. torque with + 9° t 
(b) Hysteresis below 0°7% 
(d) Calibrated as a velocity pick-off having a seg 


de Havilland Propellers will be pleased to give f 
advice on the use of these torque motors. 


NON ELECT A:& ad, BUTTON CONTROLS 
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There are many ways of packing sensitive 
engineering items, from radio valves to large 


engineering assemblies; but there is only one 


PACKING SERVICE. EPS ensure safe storage and safe 


arrival, thus reducing customer complaints and cutting costs. 


LET EPS SCIENTIFICALLY SOLVE 
YOUR PACKING PROBLEMS 


atD a, | EXPORT PACKING SERVICE LIMITED 


A IMPERIAL BUILDING, 56 KINGSWAY, LONDON, W.C.2 


wi & : 
i rs] Tel: CHAncery 5121-3 Grams: EXPAC WESTCENT LONDON 
—— Works at Sittingbourne and Chipping Warden nr. Banbury 





WORLD FAMOUS FRACTIONAL 


 HORSE-POWER GEARED MOTORS 


SERIES WOUND GEARED SHADED-POLE INDUCTION 
MOTOR—Type ‘K’ GEARED MOTOR—Type ‘FA’ 


— TORQUE | R.P.M, — TORQUE R.P.M. — TORQUE | R.P.M. — TORQUE 


100z.in. | 37.5 4 1b. in. 216 = 4oz.in.| 13.5 2402. in. 


16 oz. in. | 25 4 Ib. in. 7 oz. in. 9 Woz. in. 
240z.in. | 18.8 4 1b. in.« 10 oz. in. 6.7 35 oz. in. 
320z.in. | 12.5 4 1b. in, 12 oz. in. 4.5 4407. in. 
360z.in.} 9.4 4b. in. 15 oz. in. 3.35 3 Ib. in. 


Output-shaft has 12 3 Ib.in.| 6.25 4 1b. in. 20 oz. in. 2.25 4 Ib. in. 
positions. 


Same e ee ee ee 


Integral Wormgear 
Reduction. VARIABLE SPEED GEARED CAPACITOR INDUCTION 


Ventilated — Drip MOTOR—Type ‘KQ’ GEARED MOTOR—Type ‘N’ 


R.P.M TORQUE | R.P.M. - TORQUE R.P.M.— TORQUE | R.P.M. — TORQUE 

Vacuum Impreg- 
nated Windings. 200-600 9oz.in. | 12-37.5 4 Ib. in. 456 = 8 oz. in. 3 Ib, in. 

100-300 160z.in.| 8-22 4 Ib. in. 228 = 13 oz. in. 4 Ib. in. 
50-150 200z.in. | 616.5 4 Ib, in. 21 oz. in, 4 Ib. in. 
32-100 320z.in.| 411 4b. in. 76 2607. in. F 4 Ib, in. 
2S- 75 40 0z.in. | 3- 8.25 4 Ib. in. 57 32 oz. in. : 4 Ib. in. 


"4 ig - 5. . in. . . 
CITENCO LIMITED 


(Dept. C58) 
MANOR WAY - BOREHAM WOOD -: HERTS - ENGLAND 
Telegrams: Citenco Borehamwood, Telephone: Elstree 3666-78 
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A special project, being the result of 
special thought, demands a careful choice 
of materials. The four cooling oil jackets 
ss of the R.F. particle accelerator—part of 
Special the 7 GeV proton synchrotron sited at 
the Rutherford High Energy Laboratory, 
* Harwell—have to be structurally strong 
Project but non-magnetic. Each has to carry 
3,000 Ibs of ferrite core in oil at 9 p.s.i.g. 
The choice was glass cloth/epoxy resin 
laminates moulded by Marston. 
Marston's experience proves that reinforced 
plastics, used appropriately, are better, 
cheaper and weight-for-weight stronger 
than equivalent constructions in metal. 
And they combine resistance to fire and 
corrosion with electrical and thermal insulation. 


7 


Reinforced plastics could solve your design problem 
—why not consult us now ? 


MARSTON EXCELSIOR LTD 


(A subsidiary company of Imperial Chemical Industries Limited) 
FORDHOUSES, WOLVERHAMPTON 
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Elecitically Operated 
COUNTER 


AT NEW LOW COST 


Rated speed-up to 1000 Counts per minute 
Designed for panel or base mounting 
Centre reset by knob 

Connection by flying leads 

Maximum voltage 110 D.C.—250 A.C. 


- 3 


English Numbering Machines Limited MODEL 442 
Dept.2K - QUEENSWAY - ENFIELD - MIDDLESEX 
Telephone: HOWard 2611 (5 lines) Telegrams: Numgravco, Enfieid Full technical information on request 


LEADING MANUFACTURERS OF COUNTING AND NUMBERING DEVICES 


OIL FREE 
COMPRESSORS 


DISPLACEMENT RANGE 1 to 136 c.f.m. 


a 


In the Food Processing, Brewing, Chemical and 
Paper Industries, also for pneumatic instrument 
control, it is essential that the air is free from 
oil in both droplet or vapour form. The @D 
compressors use carbon rings and completely dry 
cylinders to achieve this purpose. 


Manufactured now for several years they have 
proved themselves successful in many industries. 


For further details please write requesting 
Leaflet Nos. 4, 20, and 28. 


WILLIAMS & JAMES encineerns LIMITED 


Illustrated is the twin cylinder model ENGLAND 


having a free air delivery of 50 c.f.m. GET ghee 


K/Wj. 19% 
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ore (3 12 stabilized 


d.c. supply at 4 amps 


How to obtain high current 
constant voltage D.C. supplies? 


You could use cumbersome batteries, with their need 

for constant attention, but‘itzis far simpler and certainly 

more reliable to use one Of;the new ‘Advance’ Constant Voltage 

D.C. Supply Units. This latest development in the application of 

Constant Voltage Transformers can be used to provide various d.c. 

supplies up to quite high ‘current levels, as used in computers and data 

processing equipment. We shall be pleased to arrange for one of our technical 
6 c.fm. representatives to call and discuss your requirements. 


vical and s 
trument These new D.C. Supply Units .... 


ee fram ® Provide HIGH CURRENT OUTPUT AT LOW COST 

he @ ® Are SMALL IN SIZE AND WEIGHT FOR VA OUTPUT 

stely dry ® Have HIGH ENERGY RESERVOIR, thus are suitable for 
pulse, intermittent or variable loads 


@ Operate with HIGH EFFICIENCY 
rey have 


dustries. 


BSSESERE 


CONSTANT 
VOLTAGE 


D.C. POWER SUPPLIES 


Full technical details available in leaflet G 59 
COMPONENTS LIMITED 


MAINS STABILIZATION DIVISION [-) 
‘GD77 


ROEBUCK ROAD © HAINAULT « ILFORD » ESSEX » TELEPHONE : HAINAULT 4400 
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MANUFACTURERS OF 


M4 ALUMINIUM and BRASS 


ey | PLUGS and SOCKETS 
MUMMY —— 


= 


AQ QQ 


DCC 


MMMM lll a, 
PR C & BNC RANGE OF CO-AXIAL CONNECTORS 


Sole licensees in the U.K. for 
“ DEUTSCH" MINIATURE CONNECTORS 


THE AIRCRAFT AND ELECTRICAL DIVISION OF 
SMART & BROWN (Machine Tools) LTD. 
MMU aonmmzcnn seen jamin th CA PURFICATN AND CHEMICAL GROUP OF COMPA 


XX 
D]—R®& AG 


WW 


WS 


_ 





Used in the manufacture of 
Glass-to-Metal Seals, ey 
Bases, Transistors, R 
etc. Preforms can be su plied 
in all shapes and sizes for iron, 
kovar, copper and dumet seal- 
ing. ‘We guarantee uniform 


P R E E () R M S mM - - ; J quality, precise tolerances, effi- 
g F cient production in _ quantity, 
and rapid deliveries 
St a n d a n - All enquiries to: 
‘ p * MANSOL 
their own 2 BD (Great peisein) LID 
HOLLANDS ROAD, 


j ¢ eC | HAVERHILL, SUFFOLK 
Tel.: Haverhill 441-2-3 
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Type F 
MINIATURE RELAY 


Size : 
0.875 in. X 0.8 in. 
X 0.396 in, 


Weight: 0.52 oz. 
Operating power : 
250 mW nominal. 
Pickup: 3.5 mS: 
Dropout: 1.5 mS. 
Ambient temp: 
—65°C to + 125°C. 
Vibrations : 


5-75 c/s at ¢ in. and 
75-2000 c/s at 20 G. 


Hermetically Sealed : 
A.1.D. & A.R.B. approval. 


CONTROL July 1960 


The remarkable CLARE postage-stamp-sized, high efficiency relay has 
been designed for—and is used in — guided missiles and similar airborne 
equipment where absolute dependability under arduous conditions must be 
provided with the greatest possible saving of weight and space. It has 
2-pole changeover contacts rated for 1 Amp at 28V d.c. or 115V a.c. 

Over 143 models of the type F relay are available in 12 standard coil 
voltages from 6.3 to 110V d.c. in various mounting arrangements. A typical 
type F relay of 26.5V has a 675 ohm coil and a minimum operating current 
of 19 mA, with brackets or 6BA stud fixing and solder hooks or 3 in. lead 
connectors. Please write or telephone for the Clare Type F Relay Sales 
Engineering Bulletin No. 124-1, which gives the full technical specification. 


C.P.CLARE LIMITED 


70 Dudden Hill Lane, London NW10 WILlesden 6141 


4A MEMBER OF THE ELLIOTT-AUTOMATION GROUP 
Clare relays are made in the United Kingdom under licence from C. P. Clare & Co., Chicago, U.S.A. 
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Messrs. X. wanted this special ty 
of transformer . . . with the help of a 
Fortiphone specification sheet (on the 
left), and our vast experience, his 
exact requirement was provided in 
only a few days. 


Enquiries to: 


ORTIPHOWNE 110 


TRANSFORMER DIVISION, (Dept. 3) 


92 MIDDLESEX STREET, LONDON €E.|I 
Bishopsgate 0871 
*VISIT OUR RETAIL SALES COUNTER AT 92 MIDDLESEX STRE*? 


This timer offers a wide variety of contact arrangements without internal rewiring. It is 


self-resetting, can be started by a remote switch and is of medium price. 
The IMP timer is available in two forms, flush mounting and wall mounting. The range LONDEX LTD. 
includes timers to Cover full scale times from 30 secs. with } sec. settings, up to 24 hours 


with 20 min. settings—some of these are available from stock. ANERLEY WORKS, 


The timer is driven by a small but powerful self-starting synchronous motor working on 
200/250 v. A.C, 50 cycle supply. Contacts are rated at 2 amps 250 v. A.C. LONDON, 3.6.20 


Write for list 186/C. Tel: SYDenham 3111 (5 lines) 


3714 
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Both per £ and per Ib., each Serviscope* 
offers greater flexibility, accuracy and 
reliability than any oscilloscope of 
comparable specification. A radical 
reassessment of design and production 
techniques has enabled smaller, lighter, 
instruments with many improved 
features to be offered giving a far 
higher performance than their low 
Price would suggest. 


Weight: 26 lbs. eae 


Potentialities 
per 
pound 






Electrically identical, but designed 
7 for mounting in standard 194” racks. 
D.31 double beam Serviscope* 

D. C. amplifiers and slow speed time base (down to 
5 sec/cm if necessary) are eminently suitable for servo 
work and similar applications. Fast rise time (.06 » sec) 
and high writing speed (10 cm/z sec at maximum’ex- 
pansion) are essential for any work dealing with fast 
pulses or TV waveforms. The unique triggering ar- 
rangements enable complex waveforms to beexamined 
in detail with complete accuracy of synchronisation. At 
this moment the D.31 is-in use in the diverse fields of 


S.31 single beam oscilloscope 








computer development and servicing, radar equip- 
ment, telemetering applications, closed circuit and 
broadcast TV, automatic telephone equipment... and 
is proving itself ideally suited to laboratory work where 
an oscilloscope has, of necessity, to be somewhat of a 
Jack of all trades. 






* ‘Serviscope’ is the registered trade mark of Telequipment Ltd. 





Telequipment Limited, 313 Chase Road, 









CONTROL July 
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Southgate, 
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has the same specifications with 
a single beam display. The 
original, highly successful, 
‘Serviscope’. 


Weight: 16 lbs. Price: £75 


London, N.14. Tel: Fox Lane 1166 





187 





















Tick No 116 on reply card for further details 


MY {I 


insley PRECISION COMPONENT RESISTORS 





with Resistance tolerance better than 0.1% 


Exceptionally compact and light in weight 
the Type 5206 resistor units of very high 
stability are hermetically sealed in metal 
cases. Designed for use where resistances 
up to 10 MQ are required, the units meet 
the specifications laid down in R.A.E. Spec. 
G.1177 and satisfy the tests described in 
Spec. R.C.S. 11. 






Rating: 500 V per MQ 
Temperature coefficient: + 20 parts per 

million per °C at 
room temperature 
Time constant: Approximately 10-* seconds 
Max voltage: 500 V d.c. 


Write for full details to: 



















H. TINSLEY & CO. LTD. }Werndee Hall, South Norwood, London, S.E.25 tel : Addiscombe 6046-8 


TY 2 


DIACROM SPATULA 


The “ Diacrom” is a metal spatula upon which 
diamond powder has been deposited by a special 
process. No deep scratches are possible because 
density is controlled and the polishing of the 
contacts is achieved by a gentle brushing motion. 
With coloured nylon handle for complete insula- 
tion and easy size identification. 






*® Grain size 200, thickness 55/100 mm., both faces diamonded. 
For quick cleaning of industrial relays and switching equip- 
ment, etc. 


* Grain size 300, thickness 55/100 mm., both faces diamonded. 
For smaller equipments, like telephone relays, computer 
relays, etc. 


® Grain size 400, thickness 25/100 mm., one face diamonded. 
For sensitive relays and tiny contacts, Two close contacts 
facing each other can be individually cleaned, because only 
one of the spatula is abrasive. 









Actual size of Spatula 


Manufactured in France 
British Patents applied for. 












Sole Distributors for the United Kingdom 
Ss. GUITERMAN & CO. LTD - 37 SOHO SQ., LONDON W.1I © Phone: Gerrard 257? 


4s supplied to the War Office, U.K.A.E.A., Electricity Generating Boards, British Railways, and other public authorities and also to leading electronic and industri@t 
users throughout the United Kingdom 
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HARWELL GHOOSES ( 


The above photo shows the Analog Computing System which 
was purchased by Harwell and recently installed at the U. K. 
A. E.R.E. Winfrith Heath Laboratory at Winfrith, Dorset, 
England. This System consists of two fully expanded PACE 
231 R Computers, which are of great assistance to scientists 
of this world famous Research Center in their Nuclear Studies. 


Important types of Nuclear Problems that can be solved by 
Analog Computers include the following : Neutron-Flux Dis- 
tribution, Reactor Dynamic Analysis, Radioactive Fallout 
Predicting, Xenon Poisoning in Reactors, Reactors & Power 
Plant Simulation, Linear Proton Accelerator Design, and 
Diffusion Problems. 


Among the outstanding advantages that PACE can offer Nuclear 

Clients are : 

* The experience and research facilities of Electronic Asso- 
ciates, world’s leading producers of Analog Computers for 
over 8 years. 

* High quality and reliability, evidenced by .01 % linear and 
non-linear components - standard with. PACE since 1954. 
Ability to offer a wide range of linear and non-linear 
elements, together with all types of input and output 
equipment. +3 
Built-in automatic features to ease programming and 
problem preparation, such as ADIOS (Automatic Digital 
Input-Output System), AERO (Automatic Read Out System), 
Automatic Problem Check, and new removable Modular 
Pre-Patch Panel. 


* E.A.I. sells over 300 systems each year, ranging in size 
from 10 to over 500 amplifiers, permitting it to maintain 
high quality at economic cost to clients. In the past two 
years 50 PACE Systems have been sold in Europe alone. 


Some of the European Nuclear clients who have purchased 
PACE, in addition to Harwell, are : 


FRANCE. 

Commissariat a I’ Energie Atomique, 
Saclay HOLLAND. 

Lab. de Physique Nacléaire Philips Research Labs 
Univ. de Paris Reactor Centrum 

Cie Francaise Thomson Houston K.E.M.A. 


U.K. A.E.A. Industrial Group, Risley 


GERMANY. 

Brown Boveri 

Telefunken 

Kernreaktor 

Technische Hochschule Darmstadt 
Technische Hochschule Stuttgart 
Deutsches Elektronen- 
Synchroton ( DESY) 


ITALY. 

Agip Nucleare 

Ca Generale di Elettricita 
Costruzioni Elettroniche e 
Automatismi (C.E.A.) 


SCANDINAVIA 

ASEA, Sweden 

Institutt for Atomenergi, Norway 
Rekeriaktibolaget 

Nordtjernan, Sweden 

Chr. Michelsens institutt, Norway. 
Atomenergi, Sweden 


GREAT BRITAIN. 

Central Electricity Generating Board 
General Electric Co Lid. 

A.E.1. John Thompson Nuclear Co. 


Skilled Application engineers from the E.A.I. European 
Computation Center in Brussels stand ready to assist European 
industries with their Computer Systems and Instrumentation 
problems. 


DETAILS OF OUR COMPLETE LINE OF PACE COMPUTERS AND INSTRUMENTS WILL BE SENT UPON REQUEST. 


PRODUCERS OF 
qrseeseceeeereneneueneeeeqeune ~~ 


ELECTRONIC ASSOCIATES INC. 43, rue de la Science, Brussels 4 - Belgium 
EUROPEAN DIVISION Tel Grussels 114369 ~ Telex 02-106 Pacedelg Oru 
ELECTRONIC ASSOCIATES LTD. Victoria Road - Burgess Hill - Sussex - England A cnthiaentonndiicel 


WORKS AND HEAD OFFICE 
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Tet Gurgess Hill 26.36 - Telex 8750 Pace Surgesshi 


ANALOG COMPUTERS 
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Pid RCSA ARE RAN AAS mo = : 


Sentinel of Safety 


COPPER EEE a ee 


The Hartebeest is described as the 
sentinel of the veldt—the most 

alert of all antelopes. 

In industry it is P. & G. electric contact 
gauges that give warning of action 
required and they may also be arranged 
to provide automatic control. 

Several types are available with single 
or double contacts to operate on 
rising or falling pressures. 

Electric contact gauges can safeguard 
vital equipment, prevent breakdowns 
and save money. Send us details of 
your problems and we shall be 

pleased to offer our advice. 


TUDOR WORKS : WINDMILL LANE 
SMETHWICK : BIRMINGHAM 
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CROSBY VALVE & ENGINEERING CO. LTD., CROSBY WORKS, WEMBLEY, MIDI 
Telephone: Alperton 2311 


QONTROX bonTVOD Tate: Mo 1kAthod Tepbicardder fer OOir alétakisT 
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Optical digitizers 





@ No rubbing contacts 
@ Only one moving part —a glass disk 
@ Low torque 

@ Low moment of inertia 
@ Long Life 


@ Only 3in. in diameter 








Optical digitizers are 
RELIABLE! 


98 ST PANCRAS WAY : LONDON : NW! 





MORE PERMANENT CAPITAL 
IS WHAT YOU NEED — 


to finance new equipment, plant, machinery and buildings for 
your expansion and progress 


I 


ae 


a a 


Capital for this purpose is provided 
both in the form of long term loans and share capital by 


<> 


Write for the Annual Report (illustrated with progressive companies 
Jinanced by ICFC) and the booklet ‘Capital for Business’ 


mee 


- 4 45 & ft *4 + #* 


INDUSTRIAL & COMMERCIAL FINANCE CORPORATION LTD 
Shareholders: the English and Scottish Banks 
HEAD OFFICE: 7 Drapers’ Gardens, London EC2_ Telephone: National 8621/5 





—_—_ 


and Branches in Birmingham, Leicester, Manchester, Leeds and in Edinburgh 


nt * 
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Beaver pre-loaded ball screws, up to 95/ efficient, 
operate at-52 C to over 400 C with no backlash... 


Bristol Siddeley Engines Limited produce Beaver* pre- 
loaded ball screws. These ball screws achieve a minimum 
efficiency of 90% and they can operate within a tempera- 
ture range of —52° C to 400° C without lubrication, and up 
to 170° C when lubricated. 

Machined and ground to the highest standards of pre- 
cision engineering Beaver pre-loaded ball screws greatly 
increase transmission efficiency. They reduce the power re- 
quired for actuation by as much as 80°), when converting 
rotary drive into linear output or force input into torque 
output. By eliminating backlash, with pre-loading, they 
give precise control over very small increments of motion 
and a high response frequency. And when compared to 
conventional screw mechanisms, they provide a predictable 
operating life which is much longer, require much less main- 
tenance and give more trouble-free operation. 


Basic design application analysis 
Bristol Siddeley engineers make an exhaustive analysis of 
each specification. And each unit is specially designed for 
its particular application. Beaver ball screws are made 


a 
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..e ANOTHER ENGINEERING ADVANCE 
FROM BRISTOL SIDDELEY 
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automatically reversible or with controlled “‘no-back,” with 
multiple or single circuits. Beaver pre-loaded ball screws 
have been proved as the most efficient method of convert- 
ing rotary into linear thrust in over 2,700 engineering 
applications in many branches of industry. They have been 
designed already with rated operating load capacities of 
370,000 lb (825,000 Ib maximum static load) but the maxi- 
mum potential operating load is, in most cases, limited only 
by the requirement. 


'" “" 
| Bristol Siddeley Beaver bal! splines have been de- | 
veloped to eliminate the disadvantages of conventional | 
splines. The designs are very effective in minimising fric- | 
| tion, particularly when high torsional and bending loads 
are imposed during linear movement. 
oe 


* Complete technical and manufacturing co-operation with Beaver 
Precision Products Inc., Detroit. 

For further information please write to J. B. Starky, Sales 
Manager (Beaver Products Division), Bristol Siddeley 
Engines Limited, PO Box 17, Coventry, England. 


BRISTOL SIDDELEY ENGINES LIMITED 


163 
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AS acknowledged leaders in the 
automatic resistance welding field, 
British Federal have a very wide 
experience of specialised control 
equipment. 

The Company's considerable 
resources in design manufacture 
are now available to industry 
generally, for the production of 
special purpose electric and elec- 
tronic control equipment. 

This covers the control net 
only of welding machines, but of 
motors, machine tools, conveyors 
and all types of automatic trans- 
fer equipment, and it also includes 
semi-standard panels which can 
be tailored to suit a wide variety 
of specific applications. 


Type WFO/1. A 3-stage 
electronic sequence timer 
in a_ wide 

of models and 


Fully synchronous electronic 
welding control pillar, incor- 
porating phase shift heat control 
features, synchronous timing and 
automatic current control with 
voltage compensation. 


British kedevrk 


The British Federal Welder and Machine Co. Ltd. manufactures 
a comprehensive range of welding gear and allied equipment and 
has considerable experience in applying welding methods to 
industrial problems. 


Speciai high voltage control 
unit designed and manufac- 
tured for a Midland Com- 
pany and used on Magnet 
processing. 


ALL TYPES RESISTANCE WELDING MACHINES AUTOMATIC AND MANUAL CONTROL JIGS, TOOLS AND FIXTURES 
BRITISH FEDERAL WELDER & MACHINE CO. LTD. CASTLE MILL WORKS, DUDLEY, WORCS. TELEPHONE DUDLEY 54701 


A SELECTION FROM THE RANGE OF PARVALUX F.H.P. MOTORS 


Shaded Pole 
stant 


s 
17300087140 HP 


Shaded Pole 


$ 
1 9-380" RPM 


Shaded Pole 


er 
VJ sith PM 


Series Wound 
Variable 


Speed 
1/100-1/10 HP 


Series Wound 
Variable 


25-800 RPM 


Series Wound 
_— 


0-550 RPM 


REGO. TRADE MARK 


LIMITED 


Series Wound 
Variable 


Speed 
1/40-1/5 HP 


Series Wound 
Variable 


Speed 
22-800 RPM 


Series Wound 
Variable 


0-3-60° RPM 


Capacitor 
Constant 


17-860" RPM 


Capacitor 
n 


co 
0:3-15°S RPM 


Split Phase 
Constant 


Ss 
1/40etrs HP 


Ca 
Speed 
20-700 RPM 


it Phase 
"Grae 


nt 
0-215 °RPM 


Capacitor 
—- 
0-2215°RPM 


OUR 1960 CATALOGUE AVAILABLE ON REQUEST 


PARKSTONE, POOLE, DORSET, ENG. Tel: Parkstone 5411-2 PBX Grams: Parvalux Parkstone 
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HML EQUIPMENT 
INCLUDES: 


Pulsometer Pump Test 
Unit; High-pressure Fil- 
ters; Hydraulic Propeller 
Test Benches; Autostatic 
Hydraulic Power Pack; 
Universal Hydraulic Tyre 
Remover; Aircraft Pump 
and Hydraulic Motor Test 
Rig; Air Bleed Turbines 
for Starting and Pressure 
Testing; Valves; Brake 
Test Unit; Tensioning 
Test Unit; High-speed 
Gear Boxes; High-pres- 
sure Accumulators; Hy- 
drostatic Rig (Single and 
Double Acting); Univer- 
sal Hydraulic Test Rigs 
Mk. Il, Mk. Ill and Mk. IV 
(Diesel or Electric Pow- 
ered ) 


HML VARIABLE PRESSURE 
REDUCER VALVE 
The only pressure reducing valve on the market today 
that will maintain set reduced pressure under varying 
pressure and flow conditions. Pressure range 0-5000 
p.s.i. Flow range 0-10 g.p.m. 


Experienced engineers at HML 
are always ready to get to grips 
with problems arising from the 

design requirements of 

modern hydraulic systems. You'll 

find HML Ministry approved units HML AUTOMATIC GAUGE 
and components used and relied ISOLATOR 

upon wherever high standards 


hone : Protects Gauges from sudden surges beyond their 
of performance are recognised. capacity. The adjusting screw is sét to isolate at 

% of the gauge full scale reading. Fit a number 
All types of special hydraulic test of pressure gauges together with their appro- 
equipment built to users’ own re- priate isolators and obtain a very accurate indi- 
@eirements. The wale shown | was cation of pressure throughout the entire system. 


| supplied to a large aircraft company. 


EST HML (ENGINEERING) LTD. 
civ ikhe AIRCRAFT DIVISION 
Head Office: 466-490 Edgware Road, London, W.2 
rkstone Harpers Yard, St. John’s Road, Isleworth, Middlesex Tel: ISLeworth 3011 


1960 CONTROL july 1960 
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Ne 


bus Sapling prod 












* Well-proved design. 


* Up-to-date folded section 
construction. 









RACKS ~ 


are engineered to your requirements | 


In the finest quality zinc-coated steels and finished | 
in high-relief hammer stove enamel; other finishes 
available to your own particular specification. 


*& Rack tappings to suit 
British, U.S. and Conti- 
nental equipment. 










* Identical front and rear 
frames. 


* Unit doors of any size on 5 
front or rear. 







% 


* Cooling by blower, extrac- 
tor fan or natural convec- 
tion without modification to 
rack, 


Delivery period for most standard 
Racks is seven days. i” 


METAL PRODUCTS LTD. iTij- 


| 
COLNE WAY TRADING ESTATE - WATFORD-BY-PASS 


3 Datum WATFORD - HERTS 


Telephone: Watford 2235! Telegrams: Datum, Watford 


CRE PERESE"MER FREEEFELEES FETRIPTILZER 





















8E 
PA 
Se 
ELECTRICAL EQUIPMENT | ® 
including :- ‘ 
Autsiiaaic Wilines Automatic Carbon Pile . 
hectiinies Voltage Regulators e 
Rotary Transformers H 
and Convertors : 
High Frequency ™ 
Alternators ; 
8 
0 
Literature sent on request me 
” 
Transistorised ° 

version to give 
+ or — 0°5% control 7 

NEWTON 

NEWTON BROTHERS (DERBY) LIMITED — 3 
DERBY | 








ALFRETON ROAD * DERBY 
PHONE: DERBY 47676 (4 LINES) GRAMS: DYNAMO, DERBY 
London Office: IMPERIAL BUILDINGS, 56 KINGSWAY W.C 2 
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SERVICE DE RENSEIGNE- 
MENTS POUR NOS LECTEURS 
Tl est souvent difficile au client 
publicitaire d’indiquer dans un 
espace restrein’ tous les détails 
de ses produits. Dans le cas ob 
wous désireriez de plus amples 
renseignements a ce sujet, veuilles 
pointer le numéro approprié sur 
Ia carte ci-contre ef envoyer cette 
derniére 4 CONTROL 


und senden Sie sie an CONTROL 


SERVIZIO D’ INFORMAZIONI 
PER | NOSTRI LETTORI 

EF’ talvolia difficile all’inser- 
sionisia di indicare in uno 
spasio ristretto tutti + particolars 
dei suoi prodotti, Qualora de- 
sideraste ricevere pit ampie 
informazioni a questo riguardo, 
favorite segnare il numero 
appropriato sul cartellino qui 
aceanto ed inviare quest’ ultimo a 
CONTROL 


SERVICIO DE INFORMACION 
PARA EL LECTOR 

Se hace a menudo dificil para 
los anunciantes dar en un 
tdenicos sobre sus productos. Si 
desea ulterior informacién, 
marque los ntimeros apropiados 
en la tarjeta opuesta y mdndela a 


UtHAKS. 


BRE LKAMHRS 
bua ae aa Fe ta 


ins Perea “eee ¥ 


ie7ene “49-1 
HEH jninane” 


RaAY-e 2 
REROOMEH YEO 
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Rowse Muir Publications Ltd, 
The Rowse Muir Building, 
77-79 Charlotte Street, 
London, W1 

England 
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stamp 
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Section through a typi- 
cal Kwik Joint coupling. 
Showing lever in un- 


: ' oe : locked position. 
=F An instantaneous coupling 
for use with water, oil, 


petrol, steam, gas, com- 
pressed air and chemicals. 
Manufactured in gun-metal, 


: : = — BS ie _ cast iron, aluminium and 
POWER RECTIFIERS | mt re ee 
Single lever ype for 100 pai 


maximum. Manufactured in 
+ in, and 3 in. sizes only. 


COUPLINGS 


ADAPTOR 


E 
SCREWED MALE 





SCREWED MALE 
OR FEMALE 


J. STONE & COMPANY (DEPTFORD) LIMITED moses TAIL 
now offer semiconductor power rectifier cells of 10 amp. 


and 50 amp. rating with absolute maximum P.I.V. up to 
400 volts. 


These cells have an extremely low forward voltage drop 
making possible rectification efficiencies in excess of 99%. 


Assembled stacks of 10 amp. cells giving all normal 
arrangements can be provided. 


j. STONE & CO (DEPTFORD) LTD 


ARKLOW ROAD LONDON SEI4 


Ge COMMERCIAL STREET WORKS 
further information on request from nee AMOTT MILL * MANCHESTER - 15 
CRAWLEY WORKS GATWICK RD CRAWLEY SUSSEX ‘ Telephone: CEN 6753/4 Grams; Bronze Manchester 


CONTROL july 1960 





Tick No 132 on reply card for further details 


Ga Hw) 
X-Y recorder 


Quick delivery 


Price £375 
Unconditionally guaranteed 


for one year 


The HR-92 is a null-seeking servo- 
type plotter designed to draw curves 
in Cartesian coordinates on regular 
84 x 11 graph paper. It employs 
conventional chopper amplifiers, 2- 
phase motors and a potentiometer 
rebalance. Reference voltages are 
furnished by mercury cells. Control 
panel has zero set and continuously- 
variable attenuator for each axis. 
Separate standby and power switches 
are provided. The two axes are 
electrically and mechanically 
independent. By moving an internal 
jumper lead, a high impedance 
potentiometer input can be made 
available. 

Limit of error better than 0.5% 


SCIENTIFIC FURNISHINGS LTD 


POYNTON CHESHIRE 
Telephone: Poynton 2815/2776 
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Pneumatic 
cylinders 
are right 


MARTONAIR LIMITED 
PARKSHOT * RICHMOND - SURREY 
Telephone: RiIChmond 2201 
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The WET 


The W &T Precision Dial Manometer answers 
the problem of conveniently measuring pressure 
with a sensitivity of 1 part in 10,000. 


This sturdy, compact instrument, which is widely 
used for wind tunnel work, power plant test stands 
and in gas turbine testing, has a large easy-to-read 
dial. It is custom calibrated in any pressure units 
over various ranges up to a maximum of 300 
inches of mercury. 


In addition, the W&T Precision Dial Mano- 
meter possesses these outstanding advantages: 

Accuracy 

Scale length 


pressure tight, metal for flush 
mounting. 


Full protection against over pressure. 


Measures gauge pressure, vacuum and differ- 
ential pressure. 
This instrument with its sensitive response and 
precision results is typical of a wide variety of 
pressure instruments of all types—from low 


pressure indicators to altimeters — manufactured 
by W&T. 


Write for further information to : 
INSTRUMENT DEPARTMENT 


WALLACE & 
Bee 4 


POWER ROAD - LONDON W4 
TELEPHONE: CHISWICK TVI9E (1/0 LINES?) 
TELEX 23770 
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52 " male in time and 
money in addition to avoid- 
ing production bottlenecks 
and wastage of materials, is 


really something. Buying is re CH) cl I p 
simple for each of the three ‘as VAY TS 


cradle sizes has a wide scope 
in cable carrying capacity, May) e word 
and Cradleclips are so strong, Fi 

there’s no oe fs ti 

At every stage of switchgear eT 
production and wiring con- wiring 


tracts, Cradleclip brings out- 
standing advantages. 


" 


and don’t 

% Cuts wiring time / | forget all the other ‘ 
by 52% benefits 

%* Combines high 
speed fixing with 
simplicity and 
security. 

% Brings a new versatility, compactness and neatness to 
your wiring. 

%& Completely insulated and suitable for all climates. 

% Electrical and mechanical security in all conditions. 

¥%& Proved in wiring installations throughout the world. 


way 


SLT 


cradleclip 


“ Cradleclip” is a Trade Mark the property 
of Insulood Manufacturing Ce. Lta. 
TWICE AS GOOD... TWICE AS QUICK . 
WHEN YOU WIRE WITH CRADLECLIP ! 
Proof of facts about how you can save money on wiring 
with CRADLECLIP is contained in our Time and 
Motion Study Report which is available now at your request. 
Send for — descriptive literature on the Insuloid 


Cradleclip Wiring System now and find out about the other 
Insuloid time and money saving products. 


INSULOID MANUFACTURING CO. LTD. 


Sharston Works, Leaston Avenue, Wytl enshawe, 
Manchester. Tel: WYT. 2842 & 31€3. 
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Problems? 
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could Screen Printing 
solve them? 


As Europe’s leading supply house we 
offer a complete service to industry. 
Our range of hand, semi- and fully 
automatic machines can handle any- 
thing from transistors to 20 ft. banners. 
Our technicians will be pleased to 


discuss your problems. 


IMPORTANT 


We publish a regular bulletin to our 
industrial customers, giving details of 
the latest developments in Screen 
Printing. If you use, or are contem- 
plating using, Screen Printing please 
make certain that you are on our 
mailing list. 


That’s right! You can find 
innumerable uses for these 
versatile couplings. There are 
special types for copper tub- 
ing . . . plastic tubing . . . and 
also copper-and-plastic tub- 
ing. Even steel and bundy 
tubings are catered for. 


There are joints for every 
bend and junction. Tee joints 
—Elbow joints—Banjo and 
Cross joints. Whatever the 
problem, WADE can 
straighten it out with their 
couplings. 


There are joints for all stand- 
ard sizes. And—if you need 
a special job, WADE will 
make it for you. See for your- 
self how effective these coup- 
lings are by trying one out in 
your own workshop. Just 
state size and type required— 
it will be sent with pleasure. 


SCREEN PROCESS SUPPLIES LIMITED ee ae i 
WALHAM HOUSE - WALHAM GROVE - LONDON SW6 FULham 9555 Tel: 1LFord 1185/6/7 
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SSS CONTROLLED 
VIBRATION 


for sampling 
and 


monitoring 


MOVING COIL 
VIBRATOR 


TYPE Vi000C 


This vibrator has been developed to fill 
in the need for a medium power vibrator with a table surface in 
+ these . place of the usual single point drive spigot. The table is cast from 
a - == a high duty magnesium and is 
... and as 6 in. (15.2 cms.) in 
ic tub- diameter and provided 
bundy with 12 x jin. B.S.F. 
, tapped holes for 
attachment of the test 
: ‘oink object. The moving 


jo and coil is attached directly 

ver the a r AI f) r ra y to the table casting. 

2 «can | The weight of the 

fh their | moving system is 17.6 

| Ibs. (8 kgs.) and a bare 

lI stand: Vie ft C iT i \ Fe iu 0 Tt ; table nnenne of 

ou need 31 “G” peak can be 

IE will | Obtained for an input 

or your- - current of 10 amps., 

— Concentration Meter Siereeee 

p. Just thrust of 550 Ibs. peak 

juired— for an input power of 1 kW. The 

leasure. if " pe E 3472 vibrator can also be supplied with a blower (V.1000C.B.) and 
will deliver a thrust of 750 Ibs. peak for an input power of 2 kW. 
Can be trunnion mounted if required. 


[3 Hendrey Relays W. BRYAN SAVAGE LIMITED 


Designe~s and manufacturers of arplifiers and vi rators for modern industry 
HENDREY RELAYS LTD. . satn roan - stoucn - sucks. 


Telepho re: Bur ham 609/6/ 1 
S$ LTD. MANUFACTURING ELECTR CAL ENGINEERS 
CONTROL AND LABORATORY APPARATUS 
On Admiralty, Principal Ministries and Post Office Lists. A.!.D and A.R.B. 


in find 


- 


17 STRATTON STREET, LONDON, W.1 


Telephon:: Grovenor 1926 
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CONTROL 


the most BUYERS’. GUIDE 
accurate 


WATE LT 
PACS 
and efficient 
TEMPERATURE 
CONTROLLER 
in the 
world 


TO MANUFACTURERS AND SUPPLIERS 


# 
RG ie ont 
Eres eae ae . 
- i ices Je lines ; 
— es, po Bra Ra pea ccs 
I en ee lt ha aa . r 


jam" 
1 
4 
_ 


ra 
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The CONTROL BUYERS’ GUIDE for 1960 lists more than 
1200 firms manufacturing every kind of control system and 
component. Published annually it is your quick reference 
book for addresses and control engineering components. 


Please send me the Control Buyers’ Guide, for which | 


Ts h " Hy a ‘ a F ¥ [ ‘ , . enclose 3/6 + 6d postage and packing. 


NAME. 


ADDRESS ..... 


WEST |... 


LIMITED 


ROWSE MUIR PUBLICATIONS LTD 
THE ROWSE MUIR BUILDING, 
CHARLOTTE STREET. LONDON, WI 
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A BREAKDOWN HERE COULD COST 
A FORTUNE 





TO SAVArae, AAS OAS. CAPAC LOIAVGAGAS F GAVGAPAVTAD 
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AAS Slee) O10] S10161 0161 6)¢ ae. 
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What is the most important piece of machinery in your factory ? 


What would be the cost per day to your business if it were to break 
down ? 


It is now possible to cover the loss of profits resulting from such a 
breakdown as well as the cost of repairing the machine itself. 


Policies can be issued to meet the particular requirements of any 
business. 


In this way you can be indemnified against the serious interruptions 
to your business which can be caused ‘by machinery breakdown. 


Should you feel in need of the protection of this new form of insur- 
ance we can send an engineer to advise you and inspect your plant. 


Write to D. H. EVERS, Industrial insurance consultant 
ONE ARUNDEL COURT JUBILEE PLACE LONDON 
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ELECTROMECHANICS 


EARLY OCTOBER 


CONTROL 's first INDUSTRY GUIDE AND DIGEST 
will be published. As well as summarizing the 
year’s new and important control systems, 
components and instrumentation, 

it will include a revised and enlarged 

Buyers’ Guide, and the first-ever specialized 


Who's Who 


in the field of control engineering. 













RPPLICATIONS 


FOR ADVERTISING RATES AND SUBSCRIPTION DETAILS 
WRITE OR PHONE 
ROWSE MUIR PUBLICATIONS LIMITED 


THE ROWSE MUIR BUILDING, 77-79 CHARLOTTE ST. 
LONDON W.I MUSEUM 8252 








BUYERS’ GUIDE 
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ENDECOTTS 


TEST SIEVES 
For Accuracy! 
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| FLOSTAT TYPE B  s2ttscting now governor 


protects metering equip- 
ment and plant from surges; 
| prevents build-up of 

static charge. 


In place of the bellows and 
poppet valve of the Standard 
and type V Flostats, this 
very simple instrument uses 
a ‘*Bellofram’’ and spring 
with a butterfly valve which 
offers the minimum 
resistance to normal flow. 


it requires no outside 
power supply and needs no 
attention in service. The 
simplicity of design and 
construction ensures re- 
liable protection against 
excessive flow. 


Factory calibrated, or 
adjustable on site. 


TEST SIEVES Pipe Sizes : 23” 3” 4” 6”. 
¥Y B.S. 410: 43 U.S. Standards 






















Ht INTERCHANGER ## 
= SIEVES % 















*‘ENDROCK’ 
TEST SIEVE 
SHAKER 





















































[Jr 
ane 
— 


| 


VTA 
ia 
eit] 


mane 






2 
eve 
\ 





| 








Prices from £35. 
and Tyler Equivalents 


_ Made in materials for all 
PES industrial fluids. 


We operate a Recovering Service 


Cons stent ee action — G. A. PLATON LTD. 5230 Whitehorse Road 


















Croydon, Surrey 
saves valuable time of skilled personnel r = 
ENDECOTTS (Fitters) LTD. Phone: LiBerty 8121/2/3 pes oT 
Dept.E. Lombard Road, London, $.W.19. | Groms: Endfiit, London elegrams 


GAPMETER, CROYDON 
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Tick No 144 on reply card for further details 


WESTON 


moving coil panel Instruments 


are now available 
with SQUARE FRONTS 


Complementary to the existing ranges of round, 
rectangular and edgewise instruments, this new series 
has been introduced for use on equipment where 
square fronted instruments are preferred. 


CL arias fi /z INS - 
id = fey Yee) er of ah a 


3 sizes are available with flange dimensions 
of 2.25”, 3.187” and 4.50” square. 

For further particulurs including ranges, 
write for details of Models S.219, $.220, 
$.221 and S.236. 


SANGAMO WESTON LIMITED 


ENFIELD, MIDDLESEX 
Tel : Enfield 3434 (6 lines) &1242(6 lines) 
Grams: Sanwest, Enfield 
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CROYDON PRECISION INSTRUMENT CO 


Manufacturers of :— 

THERMOCOUPLE POTENTIOMETERS 
PORTABLE POTENTIOMETERS 
VERNIER POTENTIOMETERS 

STANDARD RESISTANCES 
STRAIN GAUGE BRIDGES 
KELVIN BRIDGES 
AC-DC CONVERTORS 
INSTRUMENT SWITCHES 
THERMOCOUPLE] SWITCHES 
DECADE RESISTANCE BOXES 
PORTABLE WHEATSTONE BRIDGES 


HAMPTON ROAD, CROYDON, SURREY _ Telephone: THOrnton Heath 4025 
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Tick No 146 on reply card for further details Tick No 148 on reply card for further details 


PENNYS< GILES FRELAYWS 
a_i TO SPECIFICATION 


"eee 2 eee eeee east et 


ote 


RECTILINEAR 
POTENTIOMETERS 


FOR REMOTE INDICATION AND 
RECORDING OF DISPLACEMENT 


°° 2 22 ee © © 
eee ra eee eee eeeaneeeeee 


STROKE LENGTHS 
Up to 9 inch for Type LP 2 
Up to 24 inch for Type LP 1 


TWO RESISTANCE ELEMENTS 


A tee a i E et T T om we P & RR AT u R E s j _¢@ ee = 


Available for use in the following ranges POST OFFICE TYPE 


—50°C to + 85°C 

50°C to +150°C | 3,000 and 600 RELAYS 

— 50°C to +250°C Specialists in tropical and Services jungle finish, 
Guaranteed to full A.I.D. and I.E.M.E. standards, 


° 
a 


RESOLUTION of 0-001 inch can be achieved 
Prompt Deliveries. Prototypes within 24 hours. 
WRITE FOR DATA SHEETS 
Approved by the Admiralty, Post Office and U.K.A.E.A. All relays 
Also manufacturers of potentiometers in size 11 guaranteed made in our own works. P.T.F.E. insulation now available 
and size 15 synchro mountings. 
Single and multi-gang. Single and multi-turn. 
Type LP2 
oe - —- - | Manufacturers to H.M. Government Departments and leading Contractors 


Tick No 147 on reply card for further details L. B. SIMMONDS LIMITED, BYRON ROAD, HARROW, MIDDX. 
TELEPHONE: HARROW 7797/9 TELEGRAMS: SIMRELAY HARROW 


Tick No 149 on reply card for further details 


THE ? 
ELECTRONIC INDUSTRIES 
souvennc roo. =, AA DC OL Py 


TRANSISTOR AGE etc. (Aegd. Trade Mark) 


ELECTRIC SOLDERING 
EQUIPMENT 


Manufactured in all Volt Ranges 
from 
6/7 to 230/50 Volt 
with elements 
Insulated from Earth 


A PRODUCT FOR 
PRODUCTION 
Designed for continual 


Mustration shows Roto- : ODEL use on bench line assembly 
therm instruments mounted a E (Cat. No. 70) 


in control panel at Messrs. 
Marmite Ltd., of London. PROTECTIVE 


SHIELD BRIT. FOREIGN PATS. AND 
TEMPERATURE RECORDING (Cat No. 68) Se aaa eee 
Temperature Recorders with single or dual Standards approved in 
pen for flush panel or wall mounting. all leading countries 
Mercury-in-Steel actuation. Also Dial Thermo- 


meters for all process work. Bi-metal, mercury- 


in-steel or vapour pressure. Details on request. 
a apna 4 Catalogues 


Head Office, Sales & Service 
ADCOLA Products Ltd 
ototherm eek. te 
CLAPHAM HIGH STREET 


THE BRITISH ROTOTHERM CO. LTD. a owe 


Merton Abbey, London, $.W.19. Phone: LiBerty 7661 (6 lines) Telephones 
Nottingham Factory: Hollis Street, New Basford. Phone: 7784 MACaulay 3101 & 4272 
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Tick No 150 on reply card for further details 


The standard instrument has six — 
covering readings of 100 to 100,000 amps. ie 
readings are obtained by the use of toroids which 
can be split and placed around the heavy current 
conductor. Indication is stored enabling readings 
to be taken minutes after the weld is made. 


Can be used with welders employing synchronous 
and non-synchronous and energy storage controls. 


Illustrated leaflet 
available on request 


| 


BOSSA 


HIRST ELECTRONIC LTD. 


GATWICK ROAD CRAWLEY, SUSSEX 


ii (1000S 


Tick No 151 on reply card for further details 


SINCE I880 


Makers of Precision Gears 


All types up-to 8” diameter 
10 to 64 D. P. 


Send your enquiries to:— 
OUR NEW FACTORY 


G. W. EVERY & SONS LTD. 


FIRST AVENUE, DENBIGH ROAD, 
BLETCHLEY, BUCKS 
Telephone: Bletchley 2476 
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RELAY USERS 


\ 66 CORREX 53 
TENSION GAUGES 


The only instrument 
solely designed for accur- 
ately measuring tension 
on Relays, Contacts. 
Switchgear, and electri- 
cal apparatus of all kinds, 
Gauge measures in 
grammes, and a large 
range of sizes is produced 
to cover from 0.3-2,000 
grammes. 

Swiss made and guaran- 
teed. 


Write for illustrations and prices from the 
Distributors throughout the U.K. 


JAMES W. GARR & CO. LTD. 


Dept. SALES 7-15 Rosebery Avenue, LONDON, E.C.! 
Telephone TERMINUS 8866 (P.B.X.) 


Tick No 153 on reply card for further details 


NEW DRALLIM 
MULTI-WAY DUAL LINE ROTARY 
SELECTOR SWITCH 


ADJUSTABLE p> 


(PatentsPending) 


VARIOUS TYPES AVAILABLE FOR AN [INFINITE 
NUMBER} OF APPLICATIONS 


DRALLIM INDUSTRIES LIMITED 
STATION WORKS - WESTHALL ROAD 


UPPER WARLINGHAM - SURREY 
Telephone: Upper Warlinghan 2873 





CLASSIFIED ADVERTISEMENTS 


DISPLAY ANNOUNCEMENT RATES:— 


LINEAGE ANNOUNCEMENT RATES:— 
BOX Nos. 


COPY DATE:— 


1 insertion 40/- per single col. inch 
6 insertions 38/- per single col. inch 
12 insertions 36/- per single col. 


inch 
4/- per line. 5% discount 6 insertions, 10% discount 12 insertions 


1/- extra will be charged 


Advertisements for August issue to be received not later than 22nd July, 1960. 


SITUATIONS VACANT 


SENIOR SERVO ENGINEER 


An Electrical Engineer is required to lead a team on design of industrial 


and airborne projects involving 


ELECTRO-MECHANICAL SERVO INSTRUMENTS 
AND SYSTEMS 


The successful applicant will become a senior member in this expanding 


subsidiary of a large group of companies. 


Candidates should have good 


academic qualifications and a wide knowledge of servo theory and practice. 


This is an important and interesting assignment which, for the right man, 


has prospects of early advancement. 


Existing holiday arrangements for 1960 will be honoured. 


Please reply to the Personnel Manager, 
KETAY LIMITED, 
Eddes House, Eastern Avenue West, Romford, Essex. 


SALES ENGINEERS REQUIRED 


by a leading company manufacturing high precision Components, 
Mechanisms and Machines, with Technical Design, Research, and 


Development Departments. 


Candidates, preferably 30-35, 


should possess Honours Degree in 


Mechanics and/or Electronics with a proved ability to negotiate at all 
levels and be conversant with the development of new equipment and 


techniques. 


Car. Non-contributory Life Insurance and Superannuation. 
Commencing Salary £1750 in a progressive and interesting career. 
Full experience to Director. Box No. C 130. 


INSTRUMENT 
ENGINEERS 
(Junior and Senior) 


are required for design of instru- 
mentation and control systems for 
chemical plant, oil pipe lines and 
refineries. 

Applicants should possess a degree 
or near equivalent qualifications 
and have some years experience in 
the above fields. Good salaries. 
Luncheon vouchers. 


Application forms from : 
Personnel Manager, 
CONSTRUCTORS 

JOHN BROWN LIMITED, 

C.J.B. House, Eastbourne Terrace, 


Paddington, London, W.2. 
quoting Ref. No. J 7026. 


HUDSWELL, CLARKE & CO. 
LIMITED 


AN 
ELECTRICAL 
ENGINEER 


is urgently required to fill a vacancy in 
the electrical department of this old- 
established firm. 

The work involved would deal with the 
design and utilisation of electrical equip- 
ment for a large variety of specialised 
mechanical machinery. Applicants should 
possess H.N.C. Electrical (or equivalent 
qualifications) and have experience in the 
design and installation of control schemes 
and instrumentation. 

Please apply in writing, giving age and a 
brief outline of career to date to: 


The Chief Designer, 
HUDSWELL, CLARKE & CO. LTD., 
Olympia Works, 
Roundhay Road, Leeds 8. 


TECHNICAL 
SALES LIAISON 


A unique opportunity is afforded 
to a qualified man seeking an 
interesting and progressive post. 
Must well understand the opera- 
tion and application of controls 
for industrial, commercial and 
domestic gas-fired equipment. 
Required at our Crawley Works 
to give a helpful and attentive 
service to customers’ enquiries 
and to deal with relative corres- 
pondence, in liaison with the 
Research and Development Dept. 
Practical selling and good sales 
office experience would be an 
advantage. Good salary, favour- 
able pension scheme, congenial 
conditions and happy atmos- 
phere, Assistance with housing, if 
necessary. Applications, treated 
in confidence, should be made in 
own handwriting; fuller details 
may be typed. Address in first 
instance to :— 


The Managing Director, 
PERL CONTROLS LIMITED, 
672 Fulham Road, London, S.W.6. 


ELECTRONICS 
SALES ENGINEER 


An excellent opportunity exists 
in Ekco Electronics for a sales 
representative with a knowledge 
of the application of electronics 
in industrial measurement and 
control. Some experience in this 
field is desirable and applicants 
must be capable of representing 
the leading British manufacturers 
of equipment for this purpose. 


A permanent post is offered 
with fine opportunities for 
advancement in an expanding 
world-wide organisation, while 
a Superannuation and Life 
Assurance scheme provides 
security. 


Reply in confidence to Per- 
sonnel Manager with details of 
experience, age and = salary 
required. 


EKCO Electronics Ltd., 
Southend-on-Sea, Essex 
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ASSOCIATED ELECTRICAL 
INDUSTRIES LIMITED 


INSTRUMENTATION DIVISION 


LOGICAL 
DESIGN ENGINEER 


4 Logical Design Engineer is required 
to assist in design applied to specialised 
digital computers and similar apparatus. 
Applicants should have had considerable 
experience of transistors used as switching 
elements. 

HOUSING FOR RENTAL MAY BE 
MADE AVAILABLE, 

Written applications, which will be 
treated in strictest confidence, must include 
full details of age, qualifications, experi- 
ence and present salary and should be 
addressed to Personnel Officer, A.E.I. 
Instrumentation Division, P.O. Box 1, 
Harlow, Essex. 


PROJECTS ENGINEERS 


required with experience in 
preparation of Tenders for 


AUTOMATIC BOILER 
CONTROL & INSTRUMENTS 
for Power Stations and Industrial 
Plants, Permanent, pensionable 


post with excellent prospects in 
expanding organisation. 


Full details to: The Secretary, 


JAMES GORDON & CO. LTD., 
Dalston Gardens, Stanmore, 
Middlesex. 

(Member of Elliott-Automation 
Group.) 


PROCESS CONTROL 


INSTRUMENTATION ENGINEERS 
of degree or H.N.C, standard are required 
for our Project Department to work on 
application of instruments and automatic 
controls in the process of industries. Duties 
will include selection of instruments, pre- 
paration of specifications and assistance in 
installation and commissioning. Applicants 
with a few years of experience will be 
preferred. 


Applications should be sent to the Per- 


sonnel Manager, Century Works, Conington 
Read, Lewisham, $.E.13. 


TECHNICAL 
ASSISTANT 


required for Patent Department in London 
Offices of international company. Work 
mainly concerned with electronics. Salary 
commensurate with knowledge and experi- 
ence. Also Pension and other benefits. 
Please write giving full particulars of 
knowledge and experience to Personnel 
Manager, Box C 131. 








CONTROL july 1960 





SITUATIONS VACANT 


HISPANO SUIZA 




























PROJECT ENGINEER (ELECTRONICS) 


The Engineering Division of Hispano Suiza in England, which is pursuing a virile ° 
and expanding design and development programme for weapon systems suited to the 

1960's, invites applications for the above key post from graduate and/or chartered 

electrical engineers. Several years’ experience in industry including specialisation in 

the design of complex electro-mechanical systems, particularly servo-mechanisms and 

control equipment, is essential. A knowledge of modern radar and fire control would 

be an advantage. The duties will be to investigate methods of meeting customers’ 

requirements, to produce technical specifications from which design and test teams 

will work and to co-ordinate the functional design of complete projects. Applicants 

must be prepared to travel abroad occasionally for technical discussions. 

The Company is sited at Grantham, Lincolnshire, an East Midland Industrial town 

in a rural setting, which is two hours from London and fifty miles from East coast 

resorts. 

The post advertised is a permanency and the Company offers a generous pension 

scheme. Other facilities include canteen, social club and sports club (cricket, tennis 

and private swimming). Brief written applications, in first instance, stating qualifica- 

tions, experience and salary indication should be addressed to the Chief Engineer, 

British Manufacture and Research Company Ltd., Grantham, Lincs, quoting ref. 

C6/K on envelope. 





ONE OF BRITAIN’S LEADING HYDRAULICS 
MANUFACTURERS HAS THE 
FOLLOWING VACANCIES: 


1. SERVO SYSTEMS ENGINEER 


This post involves pioneer work in the electronic 
control of hydraulic power. A knowledge of servo 
systems and electronics is essential. Experience of 
hydraulics would be advantageous. 


2. GONTROL MECHANISMS ENGINEER 


to be responsible for the design and development 
of equipment for the mechanical control of 
hydraulic power. A graduate mechanical engineer 
with practical experience of hydraulics would be 
suitable. 










Only first class men will be considered for these posts which will be 
pensionable and will carry a salary commensurate with ability and 
experience. Both are permanent, responsible positions in a rapidly 
expanding organisation dealing with stable industrial products. 


KEELAVITE 
Hydraulics Ltd 






ALLESLEY, COVENTRY, WARWICKS. 





Telephone your classified advertisements to MUSeum 8252 
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SPECIAL SERVICES 


SUPPLIES & SERVICES 


PROTOTYPE OR BATCH 



















PRODUCTION 
SECTION OF 
ELECTRONIC EQUIPMENT 
CAPACITY AVAILABLE INSTRUMENTS 
PRECISION RESISTORS 
BUSINESS OPPORTUNITIES TRANSFORMERS 








RESIN CASTINGS 
ROTARY H.V. SWITCHES 








CONSULTANTS 


DESIGN AND DEVELOPMENT 


SPECIAL EQUIPMENT 


PRECISION SHEET METAL 
WORK, MILLING, TURNING 

























TELEPRINTERS 
PERFORATORS ELECTRODEVICES LTD. 
REPERFORATORS MANOR WORKS 


TAPE READERS 





7 TOW 
Terminals and V.F. Telegraph multi- B apices N 
channel units; Testing Equipment, 
Test Frames, Telephone Carriers and S.W.4 
Repeaters; Signalling Rectifiers and MACAULAY 4226/7/8 
Relays, Transformers, Transmit and 






Receive Filters; Repeating and Retard- 
ation Coils; Racks, Relay Bases, 
Uniselectors, Remote Control Trans- 
mitters, British, American, and Ger- 
man Equipment. 


BATEY & CO., GAIETY WORKS, 
Akeman Street, Tring, Herts. 









Electronic Instruments and Devices 
made to your requirements 

















Tel.: TRING 2183 and 2310 Design work undertaken 
— Special applications and “one 
SPECIAL SERVICES only ” orders welcomed 
Quotations gladly given 
IF you require high-class work Why not discuss your problem 
with prompt delivery, may we with us? 









please quote you? * 


Centre Lathe, Iti-spind ill- 
— Ra in a 35 Sackville Street, London, W.1 


ELECTRICAL CABLE FORMS Telephone : REGent 6404 
to customers’ specification. 


CHARLES BERNARD & CO. 
LTD. 






721 North Circular Road, 
London, NW2 


Telephone: GLAdstone 4019 





FACTORY TIME RECORDERS. Rental 
service. Phone, Hop 2239. Time Recorder 
Supply and Maintenance Co., Ltd., 157- 
159 Borough High St., SE1. 


















TECHNICAL TRANSLATIONS by a 
team of graduate experts, covering many 
technical fields and languages. P. Sucho- 
dolski, F.I.L.(Eng.), 70 Greenfield 
Gardens, London, N.W.2. Telephone: 



















INSTRUMENT CASE MAKERS 

Specialists in small precision made 

wooden boxes Enquiries invited 
GAYWOOD PRODUCTS 


19a Birkbeck Hill, West Dulwich, 
London, S.E.21 


Telephone: GIPsy Hill 6120 










oe The most highly developed 
ART ENGRAVERS CO. LTD. | Relay System available 





s 
Instrument Panels, Graduated Dials, 





“F antograph House”, Southsea Road, a a aed 
KINgston 1638 el OT Till mn pe , 



















CAPSTAN turning up to 1%” dia., VACUUM ELECTRONICS LTD. 


SOLENOIDS 


PHIL-TROL 
SOLENOIDS 


New 6 Page Leaflet (No. 108) now available. 
Covers small and medium solid core types 
including new types 45, 35, 36 and 37. 







Relay System | _ 


Plastic Signs, Nameplates, etc. wh seapseipigie and Co. 










given free. 





LINEAR AND RADIAL 
TRANSDUCERS 


* 

PATON HAWKSLEY LTD., 
Rockhill Laboratories, 
Keynsham, Bristol 
Telephone: Keynsham 2364 


GEARS 


INSTRUMENT GEARS from stock. 
Write for catalogue. The Davall Gear 
Co. Ltd., Gear Works, High Street, 
Potters Bar, Middlesex. Telephone 
Potters Bar 2382-3. 


Send for your copy now. 


Quick Delivery Solenoids are normally despatched same day as receipt of order 


PHILLIPS CONTROL (6.B.) LT 


MEAdway 2239. RELAY 


SPECIAL SERVICES 
PRESSINGS IN ALL 
METALS 
up to 60 tons 
Press tools manufactured in 
our own toolroom. Light 
assemblies—Domestic, Electri- 
cal and Mechanical. All 


finishes. A.I.D. and A.R.B. 
approved. Advice and estimates 


Inquiries to: 
METAL COMPONENTS 
LTD. 


DOLPHIN ROAD 
SHOREHAM-BY-SEA 
SUSSEX 


Telephone : 
Shoreham-by-Sea 2224-5 


TRANSDUCERS 


Farnborough, HANTS. 
phone: Farnborough 1120 
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FINANCIAL ANNOUNCEMENTS 


ELLIOTT-AUTOMATION 


SUMMARY OF RESULTS FOR 1959 
Group Profit before Taxation 






£1,015,630 









Group Profit after Taxation £548,875 


£262,910 





Dividends 





Profit of year retained in business 





£285,965 










Total Issued Capital and Reserves £9,122,826 


Net Current Assets... ee 0 Sis £6,858,478 


Copies of the full Report and Accounts can be obtained on application 
to the Secretary 


ELLIOTT-AUTOMATION LIMITED 
CENTURY WORKS, LEWISHAM, LONDON, S.E.13 





LOUGHBOROUGH COLLEGE OF TECHNOLOGY 
INSTRUMENTATION 


SITUATIONS VACANT 
CONTINUED FROM 
PREVIOUS PAGE 

















A One-year post-graduate course in Instrumentation, organised in 
three substantially independent terms of ten weeks duration each, 
is being offered at Loughborough College of Technology. 








TECHNICAL 
SALES ASSISTANT 


Hilger & Watts Ltd., makers of 
scientific instruments, require the 
services of a young man interested 
in the commercial aspects of engin- 
eering, for liaison between designers 
and users. 


The content of the course has been planned to provide a good 
grounding in the fundamentals of industrial measurement techniques 
with particular emphasis on Instrumentation for Control Engineering. 





















Tuition fees—£25 per term 






£75 full course 
College Union Fee—£2 per term 







He should have engineering exper- 
ience, preferably with some know- 
ledge of Metrology and Measuring 
Techniques, and sales experience 
would be an advantage. 


His technical background should 
be of H.N.C. Standard, and he 
should have a good command of 
English. Age approximately 30. 


Write fully to 


The Chief Personnel Manager, 
98 St. Pancras Way, N.W.1 


TRY A CLASSIFIED — YOU’LL BE SATISFIED 
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Residential accommodation will be available in one of the College 
halls. 


Further particulars can be obtained from: — 





















Head of Department of Electrical Engineering, 
Loughborough College of Technology, 
Loughborough, 

Leicestershire. 
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INTERNATIONAL CONGRESS AND EXHIBITION FOR 
INSTRUMENTATION AND AUTOMATION 


DUESSELDORF - 19 — 26 OCTOBER 1960 


Nordwestdeutsche Ausstellungs-Gesellschaft mbH. (Nowea) 
Diisseldorf, Messegelinde - Telex: 08584853 Nowea Dssd. 
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